Shore Platform Erosion in Eastern Canada, with Particular Reference to the Role of Downwearing by Weathering in the Intertidal Zone by Porter, Neil James
University of Windsor 
Scholarship at UWindsor 
Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 
2010 
Shore Platform Erosion in Eastern Canada, with Particular 
Reference to the Role of Downwearing by Weathering in the 
Intertidal Zone 
Neil James Porter 
University of Windsor 
Follow this and additional works at: https://scholar.uwindsor.ca/etd 
Recommended Citation 
Porter, Neil James, "Shore Platform Erosion in Eastern Canada, with Particular Reference to the Role of 
Downwearing by Weathering in the Intertidal Zone" (2010). Electronic Theses and Dissertations. 8033. 
https://scholar.uwindsor.ca/etd/8033 
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 
Shore Platform Erosion in Eastern Canada, with Particular Reference to 
the Role of Downwearing by Weathering in the Intertidal Zone. 
by 
Neil James Porter 
A Dissertation 
Submitted to the Faculty of Graduate Studies 
Through Earth Sciences 
In Partial Fulfillment of the Requirements for 
The Degree of Doctor of Philosophy at the 
University of Windsor 
Windsor, Ontario, Canada 
2010 
© Neil James Porter 
1*1 Library and Archives Canada 
Published Heritage 
Branch 
395 Wellington Street 
OttawaONK1A0N4 
Canada 
Bibliotheque et 
Archives Canada 
Direction du 
Patrimoine de I'edition 
395, rue Wellington 
OttawaONK1A0N4 
Canada 
Your file Votre reference 
ISBN: 978-0-494-70571-1 
Our file Notre reference 
ISBN: 978-0-494-70571-1 
NOTICE: 
The author has granted a non-
exclusive license allowing Library and 
Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non-
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 
AVIS: 
L'auteur a accorde une licence non exclusive 
permettant a la Bibliotheque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par telecommunication ou par Nnternet, preter, 
distribuer et vendre des theses partout dans le 
monde, a des fins commerciales ou autres, sur 
support microforme, papier, electronique et/ou 
autres formats. 
The author retains copyright 
ownership and moral rights in this 
thesis. Neither the thesis nor 
substantial extracts from it may be 
printed or otherwise reproduced 
without the author's permission. 
L'auteur conserve la propriete du droit d'auteur 
et des droits moraux qui protege cette these. Ni 
la these ni des extraits substantias de celle-ci 
ne doivent etre imprimes ou autrement 
reproduits sans son autorisation. 
In compliance with the Canadian 
Privacy Act some supporting forms 
may have been removed from this 
thesis. 
Conformement a la loi canadienne sur la 
protection de la vie privee, quelques 
formulaires secondaires ont ete enleves de 
cette these. 
While these forms may be included 
in the document page count, their 
removal does not represent any loss 
of content from the thesis. 
Bien que ces formulaires aient inclus dans 
la pagination, il n'y aura aucun contenu 
manquant. 
• • • 
Canada 
DECLARATION OF CO-AUTHORSHIP 
Included in this thesis are three manuscripts formatted to thesis requirements: 
1. The manuscript entitled "Shore platform morphology and processes in eastern Canada: 
Micro-tidal Gaspe, Quebec" was published in 2010 in the journal Geomorphology. The 
paper is co-authored by Porter, N.J., Trenhaile, A.S., Prestanski, K. and Kanyaya, J.I. and 
appears in chapter 2. 
2. The manuscript entitled "Shore platform downwearing in eastern Canada: The mega-
tidal Bay of Fundy" was published in 2010 in Geomorphology. The paper is co-authored 
by Porter, N.J., Trenhaile, A.S., Prestanski, K. and Kanyaya, J.I. and appears in chapter 3. 
3. The final manuscript is entitled "Patterns of surface downwearing on shore platforms in 
eastern Canada" is in press with the journal Earth Surface Processes and Landforms. The 
paper is co-authored by Porter, N.J., Trenhaile, A.S., Prestanski, K. and Kanyaya, J.I. and 
appears in chapter 4. 
This study was directed by A.S. Trenhaile, who also contributed to the data interpretation and 
drafting of the manuscripts. Mr. Kanyaya was responsible for the installation of 30 early (pre-
2004) traversing micro-erosion meter (TMEM) stations at Mont Louis, Burntcoat Head and Scots 
Bay, and he initiated the fresh water experiments. Mr. Prestanski assisted in the installation of 
TMEM stations in the upper portions of the platforms in 4 study areas, and also ran a 1 year 
laboratory experiment simulating wetting and drying in the upper and lower intertidal zone. 
Financial contribution for the work carried out in eastern Canada and at the University of 
Windsor was provided by the Natural Sciences and Engineering Research Council of Canada. 
in 
ABSTRACT 
There has been a debate, for more than a century, on the precise modes of development of shore 
platforms, and on the relative and absolute importance of marine and subaerial processes in 
micro- to megatidal environments. There are few reliable data, however, to assess their 
contributions to shore platform formation and evolution. This study is concerned with the 
acquisition and analysis of laboratory and field data on rates of surface downwearing (erosion in 
the vertical plane), primarily by weathering, on shore platforms in eastern Canada. Tidal 
simulators have been used to study the breakdown of rocks in de-ionized water and in artificial 
sea water. The simulators consisted of series of basins, reservoirs, pumps and timers. Each basin 
contained rock cores and, according to the period of inundation or exposure, represented the 
high, mid- or low tidal levels. More than one-thousand rock samples (sandstone, basalt and 
argillite) from eastern Canada were exposed to the experimental conditions for a period of 3 
years (2190 tidal cycles). There was considerable variation in downwearing rates within each 
treatment group, and mean rates for basalts (1.4 mm yr1) and argillites (2.8 mm yr1) were 
highest in de-ionized water and for sandstones (1.8 mm yr1) in salt water. Mean downwearing 
rates were generally highest in the mid- to high tidal zones, and declined with increasing 
elevation. The relationship between downwearing rates and elevation was more complex in the 
field. Downwearing in the upper portions of the platforms cannot be entirely attributed to tidally 
induced weathering processes, but must also reflect the work of abrasion, wave quarrying, and 
other erosional mechanisms. The experimental results are broadly consistent with the data 
obtained from over 200 traversing micro-erosion meter stations installed along shore platform 
profiles in the field. Downwearing rates in Gaspe support the hypothesis that the platform was 
cut largely by mechanical wave erosion during a period of higher relative sea level during the 
Holocene, and then lowered by weathering to its present elevation as sea level fell. In the 
megatidal Bay of Fundy, mechanical wave erosion is still an important mechanism, although 
weathering is also important and it is dominant on platforms that lack seaward facing scarps or 
upstanding rock strata. 
Keywords: Shore platforms; eastern Canada; downwearing; tidal simulator; wetting and drying; 
salt weathering, and traversing micro-erosion meter. 
IV 
DEDICATION 
I would like to dedicate this thesis to all the people who truly believed in me: Dr. Eric Mattson, 
Linda Richards, Lisa White, Terry & Cindy McVeety, George Edwards, Jeff Levinski, Penny 
Lecour, Lou Pocock, John Tome and especially to my parents, Carmen & Ken. 
v 
ACKNOWLEGDEMENTS 
I have been extremely privileged to have worked beside one of the greatest professors in 
Canada, Dr. Alan Trenhaile. Without his guidance and support throughout these years, I doubt 
very much that I would have made it this far. I know for a fact, that I will never achieve his 
academic success, but I hope in the future, I can live up to his expectations, and carry on his 
legacy that made him a much respected researcher around the world. 
I would also like to acknowledge my appreciation to a small number of support staff, 
Sharon Home, Melissa Price and all the employees at the Technical Support Centre. Thank you 
for all your assistance and advice. 
VI 
TABLE OF CONTENTS 
DECLARATION OF CO-AUTHORSHIP iii 
ABSTRACT iv 
DEDICATION v 
ACKNOWLEDGEMENTS vi 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF APPENDICIES xv 
CHAPTER 1: Introduction, literature review and objectives 
1.0 Introduction 1 
1.1 The "Wave versus Weathering Debate 2 
1.2 Shore Platform Morphology 3 
1.3 Purpose and Objectives of the Research 5 
1.4 Hypotheses 5 
1.5 Significance of the Project 6 
References 8 
CHAPTER 2: Shore platform downwearing in eastern Canada: Micro-tidal Gaspe Quebec 
2.0 Introduction 11 
2.1 Study Area 12 
2.2 Methods 15 
2.2.1 Laboratory methods 15 
2.2.2 Field methods 16 
2.2.3 Modelling 17 
2.3 Results 18 
2.3.1 Laboratory data 18 
2.3.2 Field data 19 
2.4 Discussion 23 
2.5 Conclusions 27 
References 28 
VI! 
CHAPTER 3: Shore platform downwearing in eastern Canada: The mega-tidal Bay of Fundy 
3.0 Introduction 31 
3.1 Study Areas 32 
3.2 Methods 35 
3.2.1 Laboratory methods 35 
3.2.2 Field methods 37 
3.3 Results 38 
3.3.1 Laboratory data 38 
3.3.2 Field data 40 
3.3.3 Downwearing in rockpools and on buried surfaces 41 
3.4 Discussion 48 
3.5 Conclusions 51 
References 52 
CHAPTER 4: Patterns of surface downwearing on shore platforms in eastern Canada 
4.0 Introduction 55 
4.1 The Study Areas 57 
4.2 Methods 61 
4.2.1 Laboratory methods 61 
4.2.2 Field methods 62 
4.3 Results 64 
4.4 Discussion 76 
4.5 Conclusions 80 
References 81 
CHAPTER 5: Conclusions and continuing and future research 
5.0 Summary of conclusions 85 
5.1 Future and continuing work 89 
5.2 Abrasion 89 
5.3 Intertidal frost action 93 
5.4 Mineralogical Techniques 96 
5.4.1 Chemical and salt weathering 96 
5.4.2 Optical mineralogy 97 
References 102 
APPENDICES 
Appendix A-F: In CD format, laboratory and field data CD 
VITAAUCTORIS 105 
viu 
LIST OF TABLES 
CHAPTER 2: 
Table 2.1 Descriptive statistics for experimental rock surface downwearing 
(mm yr1) over 3 years. 
19 
Table 2.2 Descriptive statistics for experimental rates of downwearing (mm 
yr1) over 12 months in the high and low intertidal zones. 
19 
CHAPTER 3: 
Table 3.1 
Table 3.2 
Experimental design. 
Descriptive statistics for experimental rock surface downwearing 
(mm yr1) between the level of the lowest high tide (LHT) and 
highest low tide (HLT), measured over 3 years. 
37 
39 
Table 3.3 Mean rates of downwearing (mm yr1) measured over one year in 
the upper and lower intertidal zones. 
39 
Table 3.4 TMEM station data from stations installed in rockpools and under or 
close to possible abrasive material. 
43 
CHAPTER 4: 
Table 4.1 
Table 4.2 
Table 4.3 
Table 4.4 
Table 4.5 
Table 4.6 
Table 4.7 
Table 4.8 
CHAPTERS: 
Table 5.1 
Extreme tidal levels in eastern Canada1 (2006 data). 60 
Experimental periods of immersion and exposure. 62 
Descriptive statistics for experimental rock surface downwearing 65 
(mm yr-1) in synthetic sea water and de-ionized water over 3 years. 
Sample ANOVA for the synthetic sea water and de-ionized water 67 
experiments. 
Scheffe Test comparisons between pairs of laboratory downwearing 67 
rates at different intertidal elevations 
(* signifies that differences are significant at the 0.05 level). 
Summary statistics for mean TMEM downwearing rates 73 
(mm yr1) in eastern Canada1 (with swelling sites eliminated). 
Mean downwearing rates (mm yr1) in the upper and 73 
lower portions of the central intertidal zone (LHT to HLT levels). 
Correlations between rock hardness and mean TMEM 73 
downwearing rates and station elevation. 
Rock description and composition of shore platforms in eastern 98 
Canada. 
IX 
CHAPTER 1: 
Figure 1.1 
LIST OF FIGURES 
Theories for horizontal platform development [Trenhaile, 1987). 
Figure 1.2 (a] sloping liassic limestone and shale platform in the Vale of 
Glamorgan, south Wales, UK; and (b) horizontal aeolianite platform 
with a low tide cliff near Port Lonsdale, southern Victoria, Australia. 
Figure 1.3 The relationship between mean regional shore platform gradients 
and spring tidal range (Trenhaile and Porter, 2007). 
CHAPTER 2: 
Figure 2.1 The study area at Mont Louis, Gaspe, Quebec. 12 
Figure 2.2 Changes in relative sea level on the southern shore of the St 
Lawrence Estuary (Dionne, 2001). 
Figure 2.3 The subhorizontal shore platform at Mont Louis: a) the low, eastern 
platform area (lines 1, 2, and 3); b) the higher western platform with 
more prominent ridges (lines 4 and 5); c) the abrupt seaward 
terminus or low tide cliff; d) wave or ice quarrying of a resistant 
ridge; e) shallow flooding with no waves during a low high tide; and 
f) a TMEM station on a smooth, resistant rock surface above a pond. 
13 
14 
Figure 2.4 The four active profile lines and TMEM station locations at Mont 16 
Louis. Four additional stations, which deteriorated and are now 
abandoned, were located along line 4, midway between lines 2 and 3. 
Figure 2.5 Profiles and mean annual downwearing rates at Mont Louis. Line 4 20 
was abandoned after several years of operation because of damage 
to the TMEM stations by shale and mudstone quarrying, and 
deterioration of the studs. 
Figure 2.6 Relationships between surface downwearing and TMEM station 21 
elevation and rock hardness at Mont Louis. Note the number of 
stations at which the surface has swelled since the time of 
installation. 
Figure 2.7 TMEM stations along the same rock outcrop at the back of line 5. 22 
Station A is in front of the beach, B is close to the edge, and C and D 
are under increasing thick beach material. Note the smoothness of 
the rock surface at C and D and the roughness of the surface at A and 
B. 
x 
Figure 2.8 Mean downwearing rates (downwearing is negative) for Mont Louis 24 
from the field (values for each TMEM station) and in artificial sea 
water from the laboratory; laboratory values are given for the high 
(ht), mid- (mt), and low (It) neap tidal levels, and for increasing 
elevations (numbered 1 to 3) in the upper intertidal zone. The 
horizontal bars show the mean rate (0.3 mm yr1) required to lower 
the platform from the high tidal level to its present elevation in the 
approximately 4000 years that the sea has been at about its present 
elevation. 
Figure 2.9 Sample profile evolution generated in model runs (x = 0.01, initial 26 
slope = 25°, SFCT = 100, and high waves), with the age identified 
above each profile. The top set of profiles developed in runs using 
Dionne's (2001) relative sea level curve for Gaspe; the gently sloping 
surface immediately below the spring low tidal level was about 50 m 
wide in this run. The lower set of profiles used a modified form of 
Dionne's curve with a uniform decrease in sea level from 4700 BP to 
1600 BP. The modern intertidal profile is shown with a thicker line 
for emphasis. 
CHAPTER 3: 
Figure 3.1 The study areas at Scots Bay and Burntcoat Head in the Bay of 32 
Fundy, eastern Canada. 
Figure 3.2 A) The middle portion, about 250 m in width, of the shore platform 33 
at Burntcoat Head, and B) the exposed upper 120 to 130 m of the 
shore platform at Scots Bay. 
Figure 3.3 Changes in relative sea level and tidal range in the Bay of Fundy 34 
(Amos, 2004, used by permission of the author). 
Figure 3.4 Platform profiles, TMEM stations (identified by a number or letter), 44 
and mean annual rates of surface downwearing (bars, with values in 
boxes) at Burntcoat Head. HLT is the lowest high tidal level and HLT 
is the highest low tidal level. 
Figure 3.5 Platform profiles, TMEM stations (identified by a number or letter), 45 
and mean annual rates of surface downwearing (bars, with values in 
boxes) at Scots Bay. HLT is the lowest high tidal level. 
Figure 3.6 TMEM stations at a) Scots Bay and b) Burntcoat Head. 46 
Figure 3.7 Burntcoat Head, a) TMEM K9 on a quarried, cliff-foot ledge (mean 47 
downwearing rate 12.084 mm yr1); b) rockpool 5C with a TMEM 
station in its floor (mean downwearing rate 1.734 mm yr1) and 
TMEM 5 (mean downwearing rate 1.765 mm yr1); c) rockpool 9C 
drained and cleared of material to show the steep rough sides and 
floor (mean downwearing rate 0.267 mm yr1). The diameter of the 
circled station in Fig. 7a is about 8 cm. The distance between stations 
5c and 5 in Fig. 5b is 2.2 m. Rockpool 9C in Fig. 7c is about 20 cm 
long, 10 cm wide, and 12 cm deep. 
XI 
Figure 3.8 Stations Bl to B3 at base of trench dug through sand at Burntcoat 47 
Head; b) stations Bl to B5 under basalt granules at Scots Bay. The 
sand at Burntcoat Head always had to be removed to allow 
measurements to be made, whereas the stations at Scots Bay were 
sometimes exposed. The distance between stations Bl and B3 at 
Burntcoat Head is 2.9 m, and the distance between Bl and B5 at 
Scots Bay is 3.6 m. 
Figure 3.9 Summary of the relationship between downwearing rates and 49 
elevation in the intertidal zone in the Burntcoat sandstones and 
Scots Bay basalts. The values are the means from the experimental 
data using artificial sea water, and are therefore the result only of 
weathering and debris removal. 
CHAPTER 4: 
Figure 4.1 The study areas in eastern Canada, at Salmon River (SR), Bramber 58 
(B), Scots Bay (SB), Burntcoat Head (BH), Mont Louis (ML), East 
Point (EP), and Arisaig (A). 
Figure 4.2 Shore platforms at A) Salmon River with TMEM station 8 in circle; B) 59 
Scots Bay; C) Bramber; D) Burntcoat Head; E) Mont Louis; F) East 
Point with TMEM station 12 in circle; and G) Arisaig. 
Figure 4.3 Location of the TMEM stations in the study areas. 63 
Figure 4.4 Five number summary box plots of surface downwearing rates (mm 66 
yr1) in the sea water experiments. Each column shows the median 
and maximum and minimum values for each experimental 
treatment. The shaded boxes extend from the 25th to the 75th 
percentiles and therefore contain 50 % of the data. HT1, HT2 and 
HT3 refer to increasingly higher elevations in the upper intertidal 
zone, corresponding to 1, 2, and 3 weeks of exposure between 
wetting events, respectively. 
Figure 4.5 Shore platform profiles and downwearing rates in the western and 69 
central Bay of Fundy. Each TMEM station is identified by a number 
or letter and the downwearing rate (mm yr1) is shown with a scaled 
bar and with the boxed value (darker columns and italicized values 
are used for swelling events). LHT and HLT are the lowest high tidal 
level and highest low tidal level, respectively. A few older, 
discontinued stations at Scots Bay are not shown. The profiles from 
Scots Bay are from Porter eta/. (2010a). 
xn 
Figure 4.6 Shore platform profiles and downwearing rates in the Minas Basin in 70 
the eastern Bay of Fundy. Each station is identified by a number or 
letter and the downwearing rate (mm yr1) is shown with a scaled 
bar and with the boxed value (darker columns and italicized values 
are used for swelling events). LHT and HLT are the lowest high tidal 
level and highest low tidal level, respectively. A few older, 
discontinued stations at Burntcoat Head are not shown. The profiles 
from Burntcoat Head are from Porter etal. (2010). 
Figure 4.7 Shore platform profiles and downwearing rates in the St. Lawrence 71 
Estuary and the Gulf of St. Lawrence. Each station is identified by a 
number or letter and the downwearing rate (mm yr1) is shown with 
a scaled bar and with the boxed value (darker columns and italicized 
values are used for swelling events). LHT and HLT are the lowest 
high tidal level and highest low tidal level, respectively. A few older, 
discontinued stations at Mont Louis are not shown. The profiles 
from Mont Louis are from Porter etal. (2010). 
Figure 4.8 Plots of mean annual rates of downwearing (mm yr1) against TMEM 74 
station elevation for the seven study areas. The shaded areas 
represent swelling events. To maintain reasonable scales, a few very 
high rates were not plotted on these diagrams. The plot for Mont 
Louis is from Porter et al. (2010). 
Figure 4.9 Plots of mean annual rates of downwearing (mm yr1) against rock 75 
hardness (Schmidt Rock Test Hammer rebound values) for the seven 
study areas. The shaded areas represent swelling events. To 
maintain reasonable scales, a few very high rates were not plotted 
on these diagrams. The plot for Mont Louis is from Porter et al. 
(2010). 
Figure 4.10 The damaged TMEM station (Sri) at Bramber. Lowering of the 77 
surface through the removal of a large rock fragment (quarrying) 
exposed the tops of the two studs furthest from the camera, and bent 
the one closest to the camera. 
CHAPTER 5: 
Figure 5.1 Examples of abrasional features: a) polished ramp from rolling rocks 91 
up the cliff foot; b) notch formed by abrasion, aided by vigorous 
wave action; c) abrasion groves; and, d) potholes. 
Figure 5.2 New equipment designed to study the effects of abrasion in the 92 
swash zone; a) the abrasion apparatus; b) TMEM mounted on a 
granite tile, held in place by a composite restraint. 
Figure 5.3 Tidally induced frost action; A) The laboratory schematic; B) the 95 
freeze/thaw apparatus; C) high, mid- and low tidal basins. 
X l l l 
Figure 5.4 Representative thin sections of rocks from shore platforms in 99 
eastern Canada; (a) fine grained clay material, with calcite veins 
(Mont Louis); (b) porous sandstone, mainly composed of quartz 
(East Point, PEI); (c) mudstones and siltstones, laminations of quartz 
and calcite (Arisaig, NS); (d) angular clasts of quartz and feldspar 
(Burntcoat Head, NS); (e) porphyritic basalt (Scots Bay); (f) 
shale/slate, clays, organics, quartz and pyrite (Bramber, NS); (g) 
large quartz, feldspar and pyrite crystals (Salmon River, NS); and, (h) 
fine siltstone particles mainly composed of quartz and chlorite 
(Salmon River, NS). 
Figure 5.5 Rock complexities on shore platforms; A) siltstone and mudstone 101 
layers at Mont Louis; B) layers of hard and soft sandstone, Burntcoat 
Head; C) thin laminations of siltstone between harder layers of 
phyllite/schist, Salmon River. 
xiv 
LIST OF APPENDICES 
APPENDIX A Publications and presented papers CD 
APPENDIX B Monthly rock core weights: saltwater (excel format) CD 
APPENDIX C Monthly rock core weights: fresh water (excel format) CD 
APPENDIX D Shore platform TMEM station downwearing rates (excel format) CD 
APPENDIX E Shore platform and MEM locations (JPEG format) CD 
APPENDIX F Statistical analysis: analysis of variance (ANOVA), post hoc tests CD 
and box plots (excel format, SPSS) 
xv 
CHAPTER 1 
Introduction, literature review and objectives 
1.0 Introduction 
Shore platforms are gently sloping to subhorizontal rock surfaces extending seawards, in some 
cases for hundreds of metres, from the cliff foot. They are conspicuous elements of rocky coasts 
in environments ranging from the poles to the tropics. Although they can extend into the 
supratidal zone, most shore platforms are essentially intertidal and are produced by the retreat 
of coastal sea cliffs. The processes responsible for cliff erosion and platform lowering may be 
quite different in type and/or intensity from one platform to the next. 
Earlier research regarding shore platforms was mainly descriptive (Trenhaile, 1987), 
and because of the absence of almost any process measurements, arguments over the formative 
processes, which began in the late 19th century, have been largely based on ambiguous field 
evidence. As a result, genetic terminology, such as "wave cut platforms" [Bradley, 1958; 
Edwards, 1958; King, 1963; Sorensen, 1968; Bradley and Griggs, 1976; Sparks, 1986); "abrasion 
platforms" (Johnson, 1919); and "storm wave platforms" (Edwards, 1941) were common in the 
literature. Unless the responsible processes have been identified, these terms should not be used 
because of their genetic connotation, which implies that specific processes are responsible for 
platform formation. Much of the research on shore platforms has, until the last few decades, 
been conducted by Australasian researchers, and their depictions and interpretations have had a 
strong influence on the literature for nearly a century. Weathering is generally thought to play 
an important role in the development of sub-horizontal shore platforms in Australasia and in 
other swell- to low-wave energy environments (Wentworth, 1938, 1939; Hills, 1949, 1971; Gill, 
1967, 1972; Bird, 1968; Davies, 1972; Stephenson and Kirk, 2000). Nevertheless, some workers 
have argued that waves are the main erosive mechanism on these platforms (Bartrum, 1924, 
1935, 1938; Johnson, 1933; Jutson, 1931a,b, 1939; Edwards 1941, 1951). Furthermore, waves 
have generally been assumed to be the dominant erosive agent on the sloping platforms around 
the coasts of the stormy North Atlantic (Johnson, 1919; Everard et al. 1964; So, 1965, Trenhaile, 
1972, 1974,1978; Sunamura, 1978). 
1 
1.1 The "Wave versus Weathering" Debate 
The mode of development of shore platforms has been disputed for over a century; the debate 
has focused generally on the premise that platform formation is the result of either wave erosion 
or sub-aerial processes. Dana (1849) first proposed that platforms are cut by waves from coastal 
cliffs at the level of maximum wear. Bartrum also believed that horizontal "storm wave" 
platforms developed through wave erosion in more exposed environments (Bartrum 1935, 
1938), but he attributed the development of "Old Hat" platforms in sheltered environments to 
weathering of cliffs down to an intertidal level at which the rocks are permanently saturated 
with sea water; the role of the weak waves being simply to wash away the fine, weathered debris 
(Bartrum 1916). Many of the earlier theories of platform development were subsequently 
focused around, and modified from, Dana's and Bartrum's models (Fig. 1.1). 
(a) 
(t>) 
(c) 
Cliff 
weathered cliff (w) 
\ 
Saturation 
weathered cliff (w) 
-
level (SL) 
Platform 
weathered cliff (w) 
\ 
weathered cliff (w) 
Wave cut - no significant cliff weathering. 
Platform at level of greatest wear 
(Bartrum, 1924) 
Bartrum's, (1916) Old Hat Platform. 
Platform is at the saturation level-
Weak waves wash away weathered debris. 
SL 
Platform cut by waves in weathered material 
(d) 
(e) 
weathered cliff (w 
w-
' ' " ' - • — " " " 
Saturation level (SL) 
Saturation level (SL) 
-
weathered cliff (w) 
\ 
— w . ' — ~ - - _ — 
Rampart 
SL 
Differential wave erosion 
Platform at saturation level. 
Waves erode weathered debris (Edward, 19f>8) 
SL 
Water layer levelled wave cut ramp 
or platform (Bartrum and Turner. 1928; 
Wentworth, 1938) 
Figure 1.1: Theories for horizontal platform development (Trenhaile, 1987). 
2 
Although it has been suggested that platforms are produced through weathering down to an 
intertidal level of permanent sea water saturation (Bartrum, 1916; Edwards, 1958; Bird and 
Dent, 1966; Gill, 1967), this has been refuted by field and laboratory observations by Trenhaile 
and Mercan (1984), who demonstrated that there is no permanent saturation level within the 
intertidal zone and consequently no abrupt transition from weak unweathered to strong 
unweathered rock in the vertical plane. 
Contemporary theories have emphasized that shore platforms are the result of both marine 
and sub-aerial processes. Waves may be the dominant mechanism in some areas, or at some 
stage in the development of a platform, providing the energy is sufficient to pluck material from 
cliffs and platforms (wave quarrying) and to move loose abrasives over the platform surface. 
However, weathering, which includes wetting and drying, salt weathering, frost action and 
chemical weathering, often plays an important role in wave-dominated environments, 
weakening the rocks and making them more susceptible to wave erosion. In other areas, or at 
other times, weathering may be dominant, and the role of waves and currents may be primarily 
to entrain and carry away the loose material (Trenhaile and Porter, 2007). 
1.2 Shore Platform Morphology 
Shore platforms are usually characterized by one of two distinct morphologies: (a) sloping 
platforms which have been called ramps, have gradients between 1° and 5°, and extend from the 
cliff - platform junction (cliff foot) to below the low tidal level, without any marked break in 
slope (other than those that are obviously attributable to local structural or lithological factors); 
and (b) subhorizontal platforms that generally terminate abruptly in a low tide cliff or rarnp (Fig. 
1.2). 
Figure 1.2: (a) sloping liassic limestone and shale platform in the Vale of Glamorgan, south Wales, UK; and (b) 
horizontal aeolianite platform with a low tide cliff near Port Lonsdale, southern Victoria, Australia. 
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Although a few workers made some brief, speculative comments on the possible effect of tidal 
range (Edwards, 1941; King, 1959; Gill, 1967; Wright, 1967; Davies, 1972), this factor was 
traditionally overlooked as a primary explanation for regional differences in platform 
morphology (Trenhaile, 1978). Trenhaile (1972, 1974, 1978, 1987, 1997, 2002, 2003) 
investigated the role of tidal range using data from southern Wales (UK), southern Japan, eastern 
Canada, NE and SE England and NW Spain. He found a moderately strong positive relationship 
between shore platform gradient and tidal range (Fig. 1.3), which suggests that tidal range, 
rather than climate and wave conditions, is the main reason for the occurrence of horizontal 
platforms in the low tidal range environments of Australia and New Zealand, and sloping 
platforms in the high tidal range environments of the North Atlantic (Trenhaile, 1999). This is 
illustrated by the fact that in eastern Canada, there are horizontal platforms in Gaspe, Quebec, 
where the tidal range is between 2.25 and 3.5 metres (Trenhaile, 1987), and sloping platforms in 
the Bay of Fundy, where the tidal range is between 12 to 16 metres (Trenhaile, 2004). Trenhaile 
(1999) also demonstrated that platform width is independent of tidal range, but increases with 
wave intensity and decreases with rock resistance. Within areas that have an essentially uniform 
tidal range, there is a tendency for platform gradient also to increase with the strength of the 
rock (Trenhaile, 1972,1978; Kirk, 1977; Sunamura, 1992). 
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Figure 1.3: The relationship between mean regional shore platform gradients 
and spring tidal range (Trenhaile and Porter, 2007). 
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1.3 Purpose and Objectives of the Research 
This research contributes to an on-going investigation of the processes and evolution of sloping 
shore platforms in high tidal range environments and horizontal shore platforms in low tidal 
range environments. The study is concerned with the absolute and relative rates of weathering 
and erosion primarily resulting from weathering. The specific objectives of the study are to: 
a) measure the effect of weathering (wetting and drying, salt and chemical 
weathering) at different intertidal elevations in the laboratory; and 
b) measure rates of platform downwearing in the field using a transverse micro-
erosion meter (TMEM). 
1.4 Hypotheses 
The main chapters in this thesis (2-4) are manuscripts published, or in press, in international 
journals. The general hypotheses of the chapters are: 
Chapter 2: "Shore platform downwearing in eastern Canada: Micro-tidal Gaspe, Quebec" 
Hypotheses: a) Weathering plays an important, and possibly dominant, role today on the 
subhorizontal shore platform at Mont Louis, on the southern shore of the St 
Lawrence Estuary. 
b) Weathering rates are high enough to account for the lowering, to its present 
elevation, of a wave-cut platform formed during a period of higher relative sea 
level in the Holocene. 
Chapter 3: "Shore platform downwearing in eastern Canada: The mega-tidal Bay of Fundy" 
Hypotheses: a) Downwearing rates increase with elevation within the upper intertidal zone up to 
an optimum elevation, based on the frequency of wetting by tides, spray or splash, 
and the corresponding length of the period of exposure and drying. Rates then 
decline with increasing elevation above the optimum level. 
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b) Rates ofdownwearing vary with the physical and chemical characteristics of the 
rocks in the Bay ofFundy, but are independent of the tidal range. 
Chapter 4: "Patterns of surface downwearing on shore platforms in eastern Canada" 
Hypothesis: a) Downwearing rates will increase up to an optimum elevation near the high tidal 
level, although this spatial pattern will vary in nature and in prominence 
according to the rock type and the effects of wave erosion and other erosional 
mechanisms. 
1.5 Significance of the Project 
There has been little research on the processes that are responsible for the development 
of shore platforms on rocky coasts, and most theories are based on ambiguous field evidence. 
This ongoing study, which began some time before I became a graduate student, represents the 
largest and most encompassing study of platform development that has ever been undertaken. 
Large numbers of rock samples were subjected to hundreds of tidal cycles using de-ionized and 
artificial sea water. These experiments are not only much larger than previous weathering 
studies (in coastal and non-coastal environments) in terms of the number of samples and the 
period of time over which they are being conducted, but they are also one of the few 
experiments of this type that have not accelerated the responsible mechanisms. In the field, 
more than 220 transverse micro-erosion meter (TMEM) stations were installed to measure 
downwearing rates on both sloping and horizontal platforms, which is the largest TMEM array 
ever installed. In conclusion, there has been no counterpart to this study, in terms of its scope, 
and in the use of unique laboratory equipment that has allowed experimental data to be 
compared with, and to supplement, field data. This study has provided essential data to further 
our understanding of the long-term development and evolution of rocky coasts in high and low 
tidal range environments, their response to the predicted rise in sea level, and their contribution 
to coastal sediment budgets. 
The following three chapters consist of papers that have been published by, or are in 
press with, international journals. Chapter 2, entitled "Shore platform morphology and 
processes in eastern Canada: Micro-tidal Gaspe, Quebec" has been published and chapter 3, 
"Shore platform downwearing in eastern Canada: The mega-tidal Bay of Fundy" will be 
published in spring 2010 in the journal Geomorphology. These papers are primarily concerned 
with contemporary downwearing on horizontal and sloping shore platforms in micro- to 
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megatidal environments. Chapter 4 is a paper entitled "Patterns of surface downwearing on 
shore platforms in eastern Canada", which is in press in the journal Earth Surface Processes and 
Landforms. The purpose of this paper is to determine whether there are predictable patterns of 
surface downwearing on shore platforms in eastern Canada, and in particular, whether there is a 
relationship between downwearing rates and elevation within the intertidal zone. The final 
chapter summarizes the conclusions from previous chapters, and discusses some related work 
that is presently being conducted and planned for the future. 
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CHAPTER 2 
Shore platform down wearing in eastern Canada: Micro-tidal Gaspe, Quebec 
2.0 Introduction 
Subhorizontal shore platforms, terminating seawards in abrupt, low tide cliffs, are 
characteristic of low tidal range environments in Australasia and in much of the tropical and 
subtropical world (Cotton, 1963; Gill, 1967; Sunamura, 1978; Trenhaile, 1980,1987; Stephenson 
and Kirk, 1998). Platform geometry, and particularly whether platforms are subhorizontal or 
gently sloping, was once attributed to climate and wave regime. The assumed absence of 
subhorizontal platforms on the coasts of the stormy North Atlantic was attributed to the inability 
of waves to cut horizontal surfaces, because of the wide range of elevations over which they 
operate (Hills, 1971). It is now realized, however, that there are regionally dominant 
subhorizontal platforms with low tide cliffs in the North Atlantic, including western 
Newfoundland and Gaspe, Quebec. These platforms have developed in micro- to mesotidal 
environments and, despite some marked differences in climate, they are morphologically 
indistinguishable from those in similar tidal environments in Australasia (Trenhaile, 1978; 
Trenhaile etal, 2006). 
This paper is concerned with work that has been conducted on the subhorizontal shore 
platforms of Gaspe, on the southern shore of the St. Lawrence Estuary (Trenhaile, 1978). 
Downwearing (erosion in the vertical plane) rates were measured in the laboratory and in the 
field, and a mathematical model was used to determine whether these rates could account for 
the development and morphology of the platforms in this area. Although weathering is not an 
erosional mechanism, granular disintegration, which is measured with a micro-erosion meter or, 
as in the present study, with its variant the transverse micro-erosion meter (TMEM is used 
throughout this paper to refer to both types) produces almost instantaneous erosion because of 
wave removal of the fine-grained debris. It is therefore implicit in this paper that weathering is 
accompanied by debris removal, by gravity in the laboratory and by waves in the field, resulting 
in surface downwearing. 
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2.1 Study Area 
The study site is a subhorizontal shore platform extending for about 500 m along a 
promontory at Mont Louis, on the Gaspe Peninsula in Quebec (Fig. 2.1). The platform has 
developed in parautochthonous flysch of the Ordovician Cloridorme formation, which is 
characterized by extreme folding and faulting (Enos, 1969; Greenough, 1995}. The rocks are 
primarily siltstones and mudstones with interbedded shale, and calcite intrusions. 
Figure 2.1: The study area at Mont Louis, Gaspe, Quebec. 
The Large Tidal Range (the mean of the highest tide each year, over a 19 year period) is 
3 m at Mont Louis, but the spring tidal range along this coast is only about 2 m. Westerly and 
northwesterly waves are predominant on the Gaspesian coast. About 15 % of the highest one-
third of the waves in a wave spectrum (the significant wave height) are less than 0.5 m in height 
in deep water, and about 17% have peak wave periods of less than 4 s. Ice protects the coast in 
winter but there are also periods of high waves in spring and fall (Eid, et al., 1991). Relative sea 
level has generally fallen over the last 10,000 years in Gaspe because of glacio-isostatic uplift 
(Locat, 1977; Lortie and Guilbault, 1984), although there have been several regressions and 
transgressions, with sea level higher and lower than today's, over the last 8000 years (Dionne, 
2001)(Fig. 2.2). 
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The shore platform at Mont Louis is subhorizontal and between about 140 and 180 m in 
width (Fig. 2.3a and 2.3b). It is at an elevation at or slightly above the mid-tidal level, and it 
terminates abruptly seawards in a low tide cliff that plunges to unknown depths (Fig. 2.3c). The 
platform surface is characterized by ridges of more resistant rock with extensive pools over the 
intervening shale outcrops (Fig. 2.3b and 2.3d). The pools generally persist during low tidal 
periods and sustain small floral and faunal communities, and their floors are covered by angular 
fragments including shale and other eroded material that cannot be removed by the waves. 
There is a beach at the rear of the platform consisting of small stones and shale fragments, and a 
low cliff, about 4 m in height, at the eastern end of the site. 
£ 10H 
I 
Time (ka BP) 
_:] Modern tidal range 
Figure 2.2: Changes in relative sea level on the southern shore of the 
St Lawrence Estuary (Dionne, 2001). 
Wave quarrying of joint blocks and other rock fragments, by water hammer, shock 
pressures, and air compression in rock discontinuities, requires high wave pressures and 
alternations of air and water, and it is most effective in a narrow zone extending from the wave 
crest to just below the still water level (Sanders, 1968; Robinson, 1977; Trenhaile, 1987). 
Bottom orbital currents, turbulence, and wave loading and unloading contribute to the erosion 
of consolidated clay coasts, especially under breaking waves (Trenhaile 2009), and they may 
help to dislodge and remove shale fragments and weathered material on rock coasts; the 
stresses generated on the bottom under unbroken waves are too low, however, to erode intact, 
unweathered rock. 
Trenhaile and Kanyaya (2007) measured wave characteristics at Mont Louis over five 
complete tidal cycles. The waves break on the low tide cliff at the seaward edge of the 
subhorizontal platform during all but the highest tidal stages, and most of the platform surface is 
thus either exposed to the air or immersed under still, shallow water, disturbed only by small 
ripples or wavelets near the outer edge (Fig. 2.3e). Waves, more than 0.5 m in height, cross the 
platform during high spring tides, but the cliff is protected by a beach and most of the platform, 
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with the exception of the more resistant ridges, lies below the zone of most effective mechanical 
wave erosion around the water surface. 
Still water over platform TMEM Station 3 on Line 3 
Figure 2.3: The subhorizontal shore platform at Mont Louis: a) the low, eastern platform area (lines 1, 2, and 3); 
b) the higher western platform with more prominent ridges (lines 4 and 5); c) the abrupt seaward terminus or 
low tide cliff; d) wave or ice quarrying of a resistant ridge; e) shallow flooding with no waves during a low high 
tide; and f) a TMEM station on a smooth, resistant rock surface above a pond. 
14 
Previous work in the laboratory, using TMEMs to measure small changes in rock surface 
elevation, and de-ionized water to eliminate the effect of salt, showed that tidally induced 
wetting and drying produces short-term variations in surface elevation of up to about 0.04 mm 
in the argillaceous rocks of Mont Louis. Variations in the humidity of the air (between about 40 
and 95%), and consequently in the amount of water adsorbed by the clay-rich rocks, generated 
larger changes in surface elevation of up to 0.14 mm (Trenhaile, 2006). Similar measurements in 
the field confirmed that the rocks at Mont Louis contract by up to 0.04 mm over several hours of 
sub-aerial exposure as the tide ebbs (Porter and Trenhaile, 2007). These experiments suggested 
that short-term expansion and contraction at Mont Louis is by alternate wetting and drying, 
rather than by salt crystallization, and that although the changes in elevation were generally 
quite low compared with annual rates of downwearing owing to erosion, they may generate 
stresses responsible for surface spalling and granular disintegration. 
2.2 Methods 
Measurements of erosion in the field, supplemented by data from laboratory experiments, were 
used to model platform development. 
2.2.1 Laboratory methods 
Slow rates of surface downwearing can be measured with TMEMs, but the responsible 
processes must be inferred from the spatial and temporal characteristics of the erosional data. A 
series of experiments were conducted to help to interpret these data, and to provide additional 
information on rates of weathering-induced downwearing in the intertidal zone, under 
controlled conditions. 
The first set of experiments was designed to measure downwearing rates within that 
portion of the intertidal zone that experiences two tidal cycles every day. This zone has an upper 
boundary set by the height of the lowest high tide and a lower boundary by the height of the 
highest low tide; it is therefore broadly similar, though narrower in the vertical plane, to the 
neap tidal range. These experiments used tidal simulators (Kanyaya and Trenhaile, 2005) to 
subject 450 rock samples from Mont Louis, in the form of cores 1.9 cm in diameter and 2 cm in 
length, to more than 2100 tidal cycles over a three-year period. The samples were immersed in 
de-ionized water or in artificial sea water for periods that simulated semi-diurnal tidal cycles at 
the high (1 hour immersed, 11 hours exposed), mid- (6 hours immersed, 6 hours exposed), and 
low (11 hours immersed, 1 hour exposed) tidal levels. Rates of surface downwearing were 
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calculated from the density, surface area, and loss in mass of each sample. The fresh water 
experiments were conducted to isolate the effects of wetting and drying resulting from the 
expansion and contraction of the rocks, and the salt water experiments, to consider the 
additional effects of chemical and salt weathering. 
A second series of experiments was concerned with downwearing in the upper and 
lower portions of the intertidal zone, areas that do not experience two tidal cycles every day. 
Rocks from Mont Louis were cut into 240 cores (diameter 1.9 cm, length 2 cm) and immersed in 
artificial sea water or de-ionized water for ninety minutes every one, two, or three weeks, 
representing increasingly higher elevations in the upper intertidal zone, or exposed for ninety 
minutes every one, two, or three weeks to represent increasingly lower elevations in the lower 
intertidal zone. There were 20 cores for each of the 12 experimental treatments (fresh or salt 
water and 3 high tidal and 3 low tidal immersion/exposure frequencies). The results that are 
reported here are for rock downwearing rates after 12 months exposure to the experimental 
conditions. 
2.2.2 Field methods 
Thirty-four TMEM stations were installed at Mont Louis to measure slow rates of 
downwearing. Most were located along 4 profiles, about 50 to 150 m apart and roughly 
perpendicular to the shore, extending from the foot of the beach to the low tide cliff (Fig. 2.4). 
All the profiles were surveyed to determine the elevation of each TMEM station and its 
relationship to tidal levels, and an N-type Rock Test Hammer was used to record rock hardness 
(Trenhaile et al, 1999, Dickson et al, 2004; Kennedy and Dickson, 2006). 
Figure 2.4: The four active profile lines and TMEM station locations at Mont Louis. Four additional stations, 
which deteriorated and are now abandoned, were located along line 4, midway between lines 2 and 3. 
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Most of the TMEM stations were on bare, horizontal or gently sloping mudstone or 
siltstone surfaces - only a few stations were installed on shales because of the difficulty in 
drilling into these friable materials, which tended to shatter. A few stations were also set into the 
rock floor of a trench that was dug in the beach at the back of the platform. The oldest profile, 
line 3, with 8 stations, was installed in summer 2003 but, although there were stations of the 
same age on the other lines, most were installed in 2004 and 2005. The elevation of the same 7 
points was measured annually (to 0.01 mm) at each station in late June or early July. The 
downwearing rates (mm yr1) reported for each station in this paper were calculated from the 
mean of the change in surface elevation at the 7 points since each station was installed. The most 
recent measurements were made at these stations in mid-June 2009. 
2.2.3 Modelling 
Trenhaile's (2008) wave erosional model was used in conjunction with Dionne's (2001) 
relative sea level curve (Fig. 2.2). The purpose of the model runs was not to replicate the Mont 
Louis platform but to determine the degree to which wave erosion can account for the general 
form of shore platforms in Gaspe, and consequently to assess the possible contribution of 
downwearing by weathering and debris removal. Model design and justification for the values 
used for variables and constants have been described elsewhere (Trenhaile, 2000, 2001, 2008) 
and to avoid repetition, only a brief description is provided here. 
Mechanical wave erosion was represented in the model by an excess surf stress 
expression: 
Ehf= N„ Kbf (SF-SFCP) (1) 
where: Enf is the amount of backwearing (erosion in the horizontal plane)(m) accomplished each 
year by a single wave type at a single intertidal elevation, N0 is the number of waves of that type 
at that tidal level each year (based on tidal duration, wave period and wave frequency), Kbf is a 
wave erosion calibration coefficient that converts excess surf stress to the amount of cliff or 
platform backwearing (6.5 x 101() in model runs), SF is the surf stress (Pa) exerted at the water 
surface -rock interface, and SFL. is the threshold (critical) surf stress (Pa) to initiate erosion by 
wave impact. The surf stress (SF) was calculated using: 
SF= [0.5y(Hh/0.78)e xsw]s in2(p (2) 
where: y is the specific weight of water (about 1025 kg m3 for seawater), Hb is mean breaker 
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wave height (m), which is calculated from deep water wave conditions using Komar and 
Gaughan's (1972) equation, x is a dimensionless surf attenuation constant, representing bottom 
roughness (0.01 used in model runs), Sw is surf zone width (calculated from breaker depth and 
surf zone bottom gradient), and cp is the gradient of the intertidal platform or cliff face at the 
tidal level. 
As in previous model applications, wave data were used from northwestern Spain 
(termed 'low' waves) and from southwestern Britain (termed 'high' waves). Tidal duration 
values, which show the absolute (hr yr l) or proportional (%) amount of time that the water 
surface falls within a given range of elevations, were obtained for Mont Louis using Smart and 
Hale's (1987) program. Runs were made with relative sea level changing, according to Dionne's 
(2001) model, over for the last 9000 years, using 'high' and 'low' waves, and a variety of initial 
slope gradients and threshold rock resistance values (SFCI-). 
2.3 Results 
Mineralogical analysis (by Dr. Iain Samson, University of Windsor) showed that some of 
the beds on the platform are very fine-grained, and mostly contain clay minerals, probably 
illite/muscovite, with some quartz and opaque minerals (which do not transmit light in thin 
sections - common examples include oxides such as magnetite and ilmenite, and sulphides such 
as pyrite). The rocks over most of the platform, however, consist of quartz and carbonates with 
less clay content, and there is also some evidence of former calcite veins. 
2.3.1 Laboratory data 
The first set of experiments replicated conditions in the central portion of the intertidal 
zone, which experiences two tidal cycles every day (similar but slightly narrower in the vertical 
plane to the neap tidal range). The downwearing data were positively skewed; a fairly small 
proportion of the rock samples experienced rapid breakdown, often resulting from large 
fragments splitting from the cores, whereas the majority broke down very slowly. The mean 
downwearing rate was therefore considerably higher than the median (Table 2.1). The fastest 
rate of downwearing was at the high tidal level (the height of the lowest high tide), with lower 
rates at the mid-tidal and low tidal levels (the height of the highest low tide). Downwearing rates 
were much higher in de-ionized water than in artificial sea water at the high and mid-tidal levels, 
and slightly higher for artificial sea water at the low tidal level (Table 2.1). 
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Table 2.1 
Descriptive statistics for experimental rock surface downwearing (mm yr1) over 3 years. 
Mean 
Median 
Standard Deviation 
Artificial sea water 
Low tide 
0.654 
0.011 
0.953 
Mid-tide 
0.630 
0.003 
0.819 
High tide 
1.254 
0.431 
1.469 
Low tide 
0.503 
0.029 
0.914 
De-ionized water 
Mid-tide 
1.318 
1.232 
1.309 
High tide 
2.808 
4.000 
1.408 
The second set of experiments was concerned with downwearing rates in the upper and 
lower portions of the intertidal zone, which can experience prolonged periods of exposure and 
immersion, respectively. Rates were very low in de-ionized water in both elevational zones and 
in the lower part of the intertidal zone in artificial sea water. The highest mean downwearing 
rate for the Mont Louis samples was at the elevation where the rocks were immersed in water 
every 2 weeks, which corresponds approximately to the spring high tidal level (Table 2.2). 
Table 2.2 
Descriptive statistics for experimental rates of downwearing (mm yr1) over 12 months in the high and low 
intertidal zones. 
High 
tidal 
Low 
tidal 
3 week exposure 
2 week exposure 
1 week exposure 
1 week immersion 
2 week immersion 
3 week immersion 
2.3.2 Field data 
Artificial sea water 
Mean 
0.374 
0.997 
0.456 
0.016 
0.012 
0.015 
Median 
0.002 
1.044 
0.002 
0.017 
0.012 
0.015 
Standard 
deviation 
0.633 
0.596 
0.697 
0.004 
0.007 
0.007 
Mean 
0.002 
0.015 
0.003 
0.003 
0.001 
0.001 
De-ionized water 
Median 
0.002 
0.001 
0.002 
0.003 
0.001 
0 
Standard 
deviation 
0.001 
0.063 
0.003 
0.001 
0.001 
0.002 
Downwearing rates at Mont Louis were generally low. The mean for all stations was for 
swelling of 0.005 mmyr1 but, when the data from sites with swelling were removed, there was a 
mean downwearing rate of 0.242 mm yr1, and removal of slivers of rock occasionally lowered 
the surface by a millimeter or more (Figs. 2.4 and 2.5, Line 1 TMEM 4 and Line 3 TMEM 6). 
Downwearing rates on the approximately mid-tidal platform at Mont Louis were much lower 
than the mean rate for the mid-tidal level in the salt water experiments (Table 2.1). The most 
likely explanation for this difference in downwearing rates is that most TMEM stations at Mont 
Louis were installed on fairly smooth siltstone and hard mudstone surfaces, rather than on 
rough, uneven mudstone and shale surfaces (Fig. 2.3f). Conversely, as the more resistant rocks 
were difficult to remove from the platform surface, and less frequently detached by natural 
19 
processes, most of the experimental cores were taken from slabs of the weaker mudstone and 
shale. 
Swelling or expansion of the rock surface, generally by less than 1 mm but occasionally 
ranging up to more than 8 mm at individual points within TMEM stations, was fairly common 
from one year to the next. Porter and Trenhaile (2007) recorded surface contraction up to 0.04 
mm over a few hours at Mont Louis as the rocks dried during low tidal stages; this implies short-
term surface swelling by a similar amount when the rocks were immersed. Swelling over periods 
ranging from minutes to years has been reported from a wide range of rock types in a variety of 
environments (Stephenson and Finlayson, 2009), but it appears to be particularly characteristic 
of argillaceous materials. There are a number of mechanisms that could be responsible for 
surface swelling, including the effects of wetting and drying, salt crystallization, and changes in 
temperature or humidity. A likely mechanism at Mont Louis is the swelling of chlorite and illite 
clay minerals in the rock. Swelling was generally associated with fairly even rock surfaces, rather 
than with irregular, micro-quarried surfaces of friable shales that disintegrate rapidly into 
finger-sized fragments, and there was no evidence that swelling promotes rapid surface 
downwearing in this area. 
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Figure 2.5: Profiles and mean annual downwearing rates at Mont Louis. Line 4 was abandoned after several 
years of operation because of damage to the TMEM stations by shale and mudstone quarrying, and 
deterioration of the studs. 
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The Mont Louis platform is essentially horizontal and there are only fairly small 
variations in elevation, ranging up to about 0.6 m, between the TMEM stations. Although 
downwearing rates varied with elevation in the laboratory experiments, there was no 
relationship in the field, and there was also no relationship between downwearing rates and 
rock hardness (Schmidt rebound values) (Fig. 2.6). There was a significant correlation (r2 = 0.31; 
p = 0.01) between rock hardness and elevation, however, which is evident in the field, where 
higher siltstone and hard mudstone ridges run between water-filled shale and weak mudstone 
depressions (Figs. 2.3b, 2.3d, and 2.6). Therefore, in contrast to the downwearing of single rock 
types in the laboratory, where elevation only influences periods of tidal immersion and 
exposure, the height - downwearing relationship is obscured in the field by the additional, 
opposing effect of elevational variations in rock type and hardness. 
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Figure 2.6: Relationships between surface downwearing and TMEM station elevation and rock hardness at 
Mont Louis. Note the number of stations at which the surface has swelled since the time of installation. 
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Figure 2.7: TMEM stations along the same rock outcrop at the back of line 5. Station A is in front of the beach, B 
is close to the edge, and C and D are under increasing thick beach material. Note the smoothness of the rock 
surface at C and D and the roughness of the surface at A and B. 
Several stations along line 5 were installed close to, or under, beach material in summer 
2004 (Figs. 2.4 and 2.7). Stations C and D were under about 6-10 cm and 20 -25 cm, respectively, 
of stony beach material and shale debris. The surface of the rock at C and D was smooth and 
even, in contrast to the much rougher surface at stations A and B, which were on the same rock 
outcrop but some distance in front of the beach foot. Although it might be assumed that abrasion 
occurred beneath the beach, possibly more rapidly at station C, where the material was thinner 
and more easily mobilized by the waves than at station D, this was not supported by the TMEM 
data. Whereas slow downwearing occurred at stations A and B (0.09 and 0.04 mm yr1, 
respectively), swelling generally dominated at stations C and D, which were maintained in an 
essentially permanently wet state beneath the beach. At station C, mean surface elevation had 
increased by 0.473 mm since the station was installed, and it was 1.281 mm higher on average at 
station D, and 8.58 mm higher at one of the 7 measured points. 
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2.4 Discussion 
The morphology of the sub-horizontal shore platforms in Gaspe are similar to that of the 
New Zealand and southeastern Australian platforms that featured so prominently in the classical 
literature (Trenhaile, 1978,1987). Mont Louis is the first platform of this type to be investigated 
in detail in the stormy North Atlantic. The occurrence of subhorizontal shore platforms along the 
cool, storm wave coasts of Gaspe and western Newfoundland refutes traditional assumptions 
that the primary factors determining the global distribution of sloping and sub-horizontal shore 
platforms are climate and wave regime. The data presented in this paper provide support for the 
contention that regionally dominant subhorizontal platforms tend to occur in areas with a low 
tidal range, and possibly with higher relative sea level during the Holocene. 
Shore platforms are the result of cliff retreat and subsequent modification of the 
erosional surface at the cliff foot. Cliff erosion and retreat are accomplished by marine processes 
and by subaerial weathering and mass wasting; the dominant marine processes at the cliff foot 
in Gaspe are wave quarrying and possibly ice abrasion and plucking, whereas frost weathering is 
important on the cliff face (Trenhaile and Mercan, 1984; Trenhaile et ai, 2006). Cliff erosion 
produces a residual surface, initially at the height of the cliff foot (the cliff-platform junction), 
which is then modified and lowered by waves, weathering, ice, and bioerosional mechanisms. 
Therefore, the difference in elevation between the cliff foot and the platform surface is an 
indication of the amount of lowering that has taken place. The height of the cliff foot varies 
within short distances along a coast in response to changes in rock strength and structure, and in 
the exposure of the site to wave action (Wright, 1970; Trenhaile, 1978, 1987). The cliff foot is 
buried beneath the beach at Mont Louis, but it is normally close to the mean high tidal level in 
adjacent areas along this coast (Trenhaile, 1978). Assuming that the buried cliff foot at Mont 
Louis is also at the mean high tidal level, the elevational difference between the cliff foot and the 
subhorizontal platform surface suggests that the platform has been lowered by about 1.2 m in 
the approximately 4000 years that the sea has been at its present level (Fig. 2.5) (Dionne, 2001). 
Several ridges of siltstone and other hard rock traverse the platform in a roughly shore-normal 
pattern (Figs. 2.3b, 2.3d and 2.4). These ridges are about 1 m in height and they may be residual 
elements of a wave-cut surface that developed during a period of higher relative sea level. Mean 
downwearing rates from the laboratory experiments would have been high enough to allow an 
initially high tidal platform to be lowered to its present elevation by weathering and debris 
removal in the last 4000 years (Fig. 2.8). Even after eliminating data from stations where 
swelling had occurred, most downwearing rates from the field were too low (Fig. 2.8). Because 
of platform elevation and low gradient, all the downwearing data were from about the mid-tidal 
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level, however, and did not represent the faster rates that probably occurred when the platform 
was at a higher elevation. Furthermore, the field data were mainly obtained from TMEM stations 
installed on hard, smooth siltstone and mudstone surfaces rather than from uneven and often 
waterlogged surfaces composed of weaker mudstones and shales (Fig. 2.3f). 
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Figure 2.8: Mean downwearing rates (downwearing is negative) for Mont Louis from the field (values for each 
TMEM station) and in artificial sea water from the laboratory; laboratory values are given for the high (Ht), mid-
(Mt), and low (It) neap tidal levels, and for increasing elevations (numbered 1 to 3) in the upper intertidal zone. 
The horizontal bars show the mean rate (0.3 mm yr1) required to lower the platform from the high tidal level to 
its present elevation in the approximately 4000 years that the sea has been at about its present elevation. 
The experimental data indicate that downwearing rates are negligible where rocks are 
exposed infrequently to the air, as at the bottom of pools, (Table 2.2). Therefore, continued, long-
term lowering of the platform surface must be contingent on pool drainage and exposure of the 
underlying material, through erosion of the higher, more resistant rocks around their margins. 
Consequently, platform development may be controlled by erosion of the more resistant 
material, and by the slower downwearing rates from the field, rather than of the weaker shales 
and mudstones which are more representative of the laboratory data. 
To produce the Mont Louis platform in 4000 years would have required the cliff to have 
retreated at a mean rate of about 35 to 45 mm yr1. Although waves, ice, and frost may have 
been able to generate retreat rates of this magnitude in friable rocks during the early stages of 
development when the platform was narrower, it is doubtful whether these rates are occurring 
at present. In contrast to sloping shore platforms, waves usually break in front of, or over, the 
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abrupt seaward edges or low tide cliffs of subhorizontal platforms and they appear to be 
ineffective erosional agents today. Stephenson and Kirk (2000a) found that only 5 to 7 percent of 
the wave energy at the seaward edge of the platform at Kaikoura, New Zealand reaches the cliff 
foot. Waves also break on the low tide cliff at Mont Louis during most tidal stages and there is 
little wave erosion on the platform surface (Fig. 2.3e) (Trenhaile and Kanyaya, 2007). 
Trenhaile (in press) modeled the effect of different Holocene relative sea level models on 
the development of rocky coasts. The results provided support for the proposal that 
subhorizontal platforms were cut initially by waves when the sea was above its present 
elevation during the Holocene. As the sea fell towards its present level, the platforms were 
lowered and widened by weathering and debris removal. Mechanical wave erosion may have 
continued to be effective during the early stages of falling sea level, but it would have become 
increasingly ineffective with increasing wave attenuation. Platforms probably developed quite 
rapidly when sea level was higher, but as the sea fell to its present level, development became 
progressively slower under an increasingly weathering and debris removal regime. This 
hypothesis is consistent with the dominant role of weathering and debris removal on 
subhorizontal platforms today (Stephenson and Kirk 2000a,b; Trenhaile, 2008). It also revives 
the proposals of several workers during the early part of the last century that shore platform 
elevation in southeastern Australia is indicative of recent emergence (eg. Jardine, 1925; Voisey, 
1934), and it was invoked more recently by Kirk (1977) for the subhorizontal shore platform at 
Kaikoura in southern New Zealand. 
Model runs, using Dionne's (2001) relative sea level curve for Gaspe, produced shore 
platforms that were generally similar, in width and gradient, to the platforms in northern Gaspe, 
but there were some differences (Fig. 2.9). In all the runs using Dionne's sea level curve, wave 
erosion about 3000 years ago, when sea level was similar to today's, produced a fairly wide, 
gently sloping surface extending from the modern low tidal level to a depth of about 0.5 m. This 
surface does not exist at Mont Louis, where the platform terminates abruptly in a low tide cliff. 
To eliminate the effect of this lower sea level, other runs were made by linearly interpolating 
relative sea levels between the 5 m level at 4700 BP and the 2.5 m level at 1600 BP. With the 
exception of Dionne's regression-transgression event between about 8000 and 5000 years ago, 
this modified curve was similar to previous curves by Locat (1977) and Lortie and Guilbault 
(1984). The subtidal surface did not develop in these modified runs, which were characterized, 
after about 5500 BP, by platforms that became wider and lower in elevation as sea level fell to its 
present level. Although the modern platform was formed by rising sea level in the first type of 
model run and by falling sea level in the second type, the intertidal platform profiles produced in 
both types of run were essentially convex, with most of the surface lying between the neap and 
25 
spring high tidal levels (Fig. 2.9). The model suggests that, given the relative sea level history of 
Gaspe, wave erosion, acting alone, could not have cut a subhorizontal platform at the mid-tidal 
level, and it supports the contention that the modern platform surface was formed through the 
subsequent lowering, smoothing, and leveling of a wave-cut surface by weathering and debris 
removal. 
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Figure 2.9: Sample profile evolution generated in model runs (x = 0.01, initial slope = 25°, SFCP = 100, and high 
waves), with the age identified above each profile. The top set of profiles developed in runs using Dionne's 
(2001) relative sea level curve for Gaspe; the gently sloping surface immediately below the spring low tidal level 
was about 50 m wide in this run. The lower set of profiles used a modified form of Dionne's curve with a uniform 
decrease in sea level from 4700 BP to 1600 BP. The modern intertidal profile is shown with a thicker line for 
emphasis. 
The laboratory data suggest that rates of downwearing would have been greatest on the higher, 
more landward sections of the platform, and that the more seaward areas, at lower elevations, 
may have experienced only small amounts of lowering. Downwearing rates measured on the 
more resistant outcrops in the field would have been too low to reduce the platform to its 
present level. The protected shale and mudstone outcrops that are now at the bottom of large 
ponds may have been more exposed on the original wave-cut platform, however, and in any 
case, it is likely that weathering, resulting in platform downwearing, has been operating in 
conjunction with wave quarrying for more than 4000 years. 
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2.5 Conclusions 
The main conclusions of this paper are: 
(a) Inexpensive laboratory experiments can usefully supplement, and help to interpret, field 
data in the study of rocky coasts, although they must be maintained over long periods in 
order to avoid accelerating the erosional processes. 
(b) Mean downwearing rates at the mid-tidal level was 0.242 mm yr1 in the field, and 0.630 
mm yr1 at the same elevation in artificial sea water in the laboratory. 
(c) Weathering probably dominates on the Mont Louis platform today but wave, and possibly 
ice, erosion may have been more important in the past 
(d) The subhorizontal shore platforms of the Gaspesian coast are the product of a low tidal 
range and Holocene relative sea level that was higher than today. 
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CHAPTER 3 
Shore platform downwearing in eastern Canada: The mega-tidal Bay of Fundy 
3.0 Introduction 
Shore platforms are usually produced by marine and subaerial erosion of sea cliffs, and 
lowering of the residual surface created at the cliff foot by backwearing (erosion in the 
horizontal plane) and downwearing (erosion in the vertical plane). The efficacy and relative 
importance of the erosional agents that operate on platform surfaces, including waves, ice, frost, 
chemical and salt weathering, and bioerosion, vary according to such factors as the climate, wave 
regime, tidal range, and the physical and chemical characteristics of the rocks (Trenhaile, 1987; 
Sunamura, 1992). Much of the recent work on shore platforms has been concerned with surface 
downwearing which, in the absence of abrasive material and bioerosional organisms, has been 
attributed generally to weathering and removal of the fine-grained debris by waves (Kirk, 1977; 
Robinson, 1977; Gill and Lang, 1983; Mottershead, 1989; Stephenson and Kirk, 1998; Andrade et 
a/., 2002; Trenhaile et ai, 2006; Foote et ai, 2006; Swantesson et ai, 2006). The responsible 
weathering processes are assumed to include wetting and drying, involving the expansion and 
contraction of the rocks as they absorb and desorb water with the rise and fall of the tides, and 
the expansion of salt crystals within rock voids as the water evaporates. Chemical weathering 
may also contribute to surface lowering and it has been accorded an important role in some 
classical models of shore platform development (Bartrum, 1916; Bartrum and Turner, 1928). 
Downwearing measurements have usually been made with a micro-erosion meter or its 
variant, a transverse micro-erosion meter (collectively referred to as a TMEM in this 
paper)(Stephenson and Finlayson, 2009). Although TMEMs cannot measure erosion through the 
removal of large rock fragments (quarrying), they have provided important information on more 
continuous lowering of rock surfaces by weathering (and debris removal), bioerosion, and 
abrasion, and possibly by wave-generated bottom shear stresses. The processes responsible for 
surface lowering are generally inferred from the spatial and temporal characteristics of the 
erosional data, however, and it is difficult to identify or assess the contributions of individual 
mechanisms. Furthermore, we do not have enough TMEM data, from a variety of environments, 
to determine the effect of rock type, climate, tidal range, and other factors on downwearing or 
weathering efficacy, or to model global variations in the effect of surface lowering on long-term 
platform development and rates of wave attenuation (Trenhaile, 2005, 2008). 
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The present paper discusses TMEM downwearing data that have been collected for up to 
6 years at two sites in the megatidal Bay of Fundy, and describes an attempt to use laboratory 
experiments, running for up to 3 years, to supplement and help to interpret the field data. The 
effect of quarrying and lowering of platform surfaces by backwearing processes by waves and 
possibly by ice, was not considered in this study. 
3.1 Study Areas 
There were two main study areas in the Bay of Fundy in northern Nova Scotia, a basalt 
platform at Scots Bay and a sandstone platform in the Minas Basin at Burntcoat Head (Figs. 3.1 
and 3.2). The foreshore at Scots Bay consists of the greater North Mountain Basalts, which were 
formed during a time of increased volcanic activity in the Early Jurassic Period (Crosby, 1962). 
The basalts tend to be highly vesicular, and basaltic surface features are reinforced by resistant 
amydules, primarily from the zeolite family (Colwell, 1980). The soft, red, clastic sandstones at 
Burntcoat Head belong to the Triassic Wolfville Formation, which was deposited either as 
alluvial fans or aeolian dunes, or on the bed of braided streams (Klein, 1962). 
Figure 3.1: The study areas at Scots Bay and Burntcoat Head in the Bay of Fundy, eastern Canada. 
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Figure 3.2: A) The middle portion, about 250 m in width, of the shore platform at Burntcoat Head, and B) the 
exposed upper 120 to 130 m of the shore platform at Scots Bay. 
The 'Large Tide Range' (the mean of the highest tide each year, over a 19 year period) is 
13.5 m at Scots Bay and 16 m at Burntcoat Head (the highest range in the world) (Canadian 
Hydrographic Service, 2009), although the mean spring tidal range in each of these areas is 2-3 
m lower than these extremes. Southwesterly, westerly, and northwesterly waves predominate 
in the Bay of Fundy, and about half have significant deep water heights of less than 0.5 m, and 
peak periods of less than 4 s; in the sheltered Minas Basin, more than three-quarters of the 
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waves are lower than 1 m (Eid, et al., 1991). Nevertheless, previous work using graduated steel 
poles and video-recorders to measure waves over complete tidal cycles has shown that the wave 
pressures generated in rock joints and other discontinuities are high enough to dislodge large 
rock fragments (wave quarrying)(Trenhaile and Kanyaya, 2007). Ice protects the coast from 
waves from January to April. 
The Bay of Fundy experiences crustal subsidence owing to glacio-isostatic adjustment. 
Andrews (1989) proposed that relative sea level rose by more than 6 m in the last 2000 years, 
and is rising today by 2 m per 1000 years. Amos (2004) also noted that tidal range has changed 
in conjunction with changing relative sea level in this area (Fig. 3.3). 
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Figure 3.3: Changes in relative sea level and tidal range in the Bay of 
Fundy (Amos, 2004, used by permission of the author). 
There are very wide shore platforms along much of the southern shore of the Minas 
Basin. The platform at Burntcoat Head is backed by a steep and active cliff, about 15 m high. The 
shore platform is slightly concave upwards with gradients in the study area of about 2.5° in the 
upper part and from 1° to 1.5° in the lower portion (Fig. 3.4). The exposed platform surface is 
more than 500 m in width during low spring tides. There are undulating areas of more resistant 
sandstone in some places and low ridges, a few centimetres in height, of cemented, rounded 
pebbles that were deposited by ancient streams. Most of the platform surface has few marine 
organisms, apart from some grazing gastropods and isolated patches of seaweed, although there 
are a variety of borers and burrowers in some large pools, and an almost continuous cover of 
barnacles near the low tidal level. The lower portion of the platform at Scots Bay, several metres 
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below the mid-tidal level, passes into, and presumably continues beneath, a wide, sandy tidal 
flat. The exposed, upper part of the shore platform is about 120 to 130 m in width, and it extends 
to an elevation above all but the highest tides, to the foot of a largely grass covered rock and 
rubble bluff, a few metres in height. The upper portion of the platform above the mean high tidal 
level is discoloured and weathered. The lower segments of the exposed platform surface contain 
an assortment of rounded boulders ranging from 50 to 300 mm in diameter, and much of the 
lower platform is covered by seaweed and small barnacles. Platform gradients at the study site 
decrease with elevation, from about 7.5° to 4.25°, to 3.5°, from the upper to the central to the 
lower sections of the exposed platform, respectively (Fig. 3.5). 
3.2 Methods 
Mineralogical analysis (by Dr. Iain Samson, University of Windsor) confirmed that the 
most abundant minerals in the Scots Bay basalts are plagioclase and pyroxene, but there were 
also significant amounts of chlorite and iron oxide, in the form of hematite, produced from 
magnetite or ilmenite weathering. Large angular crystals of quartz and alkali feldspar were the 
principal minerals in the Burntcoat Head sandstones. The feldspar was characterized as very 
'fresh', indicating sandstone immaturity and the absence of advanced weathering. 
Approximately 10 percent of the sandstone consisted of iron oxides, most likely hematite, which 
produces its strong red colour. The cementing agent was mainly chalcedony, a variety of quartz, 
which is quite abundant. 
3.2.1 Laboratory methods 
Experiments were conducted, using equipment that functioned as tidal simulators 
(Kanyaya and Trenhaile, 2005), to measure rock breakdown by tidally induced weathering 
(wetting and drying, salt weathering, chemical weathering), and removal of the debris by waves. 
Although abrasion, frost, ice, bioerosion, and wave impact may contribute to downwearing rates 
measured in the field, the experiments did not consider the effect of these mechanisms on 
surface lowering, or the role of weathering along joints and other rock discontinuities in 
promoting wave or ice quarrying of large rock fragments. 
Each simulator consisted of a series of pumps and timers that transferred water 
between a reservoir and three basins. The experiments replicated conditions on platform 
surfaces that experience two tidal cycles each day, corresponding to the central portion of the 
intertidal zone between the elevations of the lowest high tide (LHT) and the highest low tide 
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(HLT) (roughly equivalent to the neap tidal range)(Table 3.1). Rock samples were immersed for 
1, 6, or 11 hours and exposed to air for the remainder of each 12 hour tidal cycle, representing 
the LHT, mid-tide, and HLT levels, respectively; there was no acceleration of the weathering 
processes, De-ionized water was used to isolate the effect of wetting and drying and commercial 
artificial sea water to study the additional effect of salt, and possibly chemical, weathering. The 
artificial sea water had a salinity of 35 ppt and contained 28 ions and elements in concentrations 
similar to their occurrence in natural sea water. The de-ionized water and the artificial sea water 
were replaced at least once a month, and the air temperature and relative humidity were 
recorded almost daily. 
The basalt from Scots Bay was cut into cyclindrical cores 19 mm in diameter and 20 mm 
in length, but because of their friability, the Burntcoat Head sandstones were cut into cubes with 
20 mm long sides. The experiments were run for 3 years, over more than 2100 tidal cycles, using 
900 rock samples (75 samples of each rock type for each of the three tidal levels and for each of 
the two water treatments). The difference in the dry weights of the samples at the beginning and 
end of the experiments was used to calculate the mean annual rate of surface downwearing for 
each sample (Dw), based on sample density and surface area: 
DW = (W,-W2)/(3DA) 
where Wi and W2 are the initial and final oven-dried weights (g), D is sample density (g mnr3) 
(Wi/V, where the volume, V, is 8000 mm3 for the sandstone cubes and 5670.6 mm3 for the basalt 
cores), A is the surface area (2400 mm2 for the sandstones and 1760.9 mm2 for the basalts), and 
3 is the duration, in years, of the experiments. 
A second series of experiments was run for one year to represent conditions in the 
upper and lower portions of the intertidal zone. Basalt and sandstone cores and cubes were 
immersed in artificial sea water or de-ionized water for ninety minutes every one, two, or three 
weeks, representing increasingly infrequent tidal immersion with increasing elevation above the 
LHT level, or exposed for ninety minutes every one, two, or three weeks to represent 
increasingly infrequent exposure with decreasing elevation below the HLT level (Table 3.1). 
The period of immersion in the upper intertidal zone was based on Kanyaya and 
Trenhaile's (2005) conclusion that saturation levels in the basalts and sandstones of the Bay of 
Fundy do not increase after 1 to 1.5 hours of immersion, and in the lower intertidal zone, on the 
duration of the low tidal slack water period. Six hundred rock samples were used to provide 25 
basalt and 25 sandstone samples for each set of experimental parameters (fresh or salt water for 
each of the 6 immersion and exposure categories). 
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Table 3.1 
Experimental design. 
Tidal elevation 
High intertidal zone 
(above the LHT level) 
LHT 
Mid-tide 
HLT 
Low intertidal zone 
(below the HLT level) 
Submergence Period 
(Time in water) 
90 minutes 
90 minutes 
90 minutes 
1 hour 
6 hours 
11 hours 
1 week 
2 weeks 
3 weeks 
Exposure period 
(Time out of water) 
3 weeks 
2 weeks 
1 week 
11 hours 
6 hours 
1 hour 
90 minutes 
LHT is the lowest high tidal level and HLT is the highest low tidal level. 
3.2.2 Field methods 
Micro-erosion meters use a gauge, which sits on a low, triangular frame, to measure, to 
0.01 mm, the downward extension of a needle-like probe. When in use, the instrument is 
positioned on three metal bolts (a station), permanently embedded in the rock, which allows 
measurements to be repeated over time with the tip of the probe occupying the same points on 
the surface. The traditional instrument allowed only three measurements to be made at each 
station, but the TMEM permits numerous measurements within the triangular frame of the 
instrument (an area of approximately 50 cm2 for the instrument used in the present study) 
(Stephenson and Finlayson, 2009). 
With the notable exception of the ongoing study of the platform on Kaikoura Peninsula 
in southern New Zealand (Stephenson et al., in press), few investigations have measured 
downwearing rates continuously over periods of more than 3 years. Most of the TMEM stations 
in the present study were installed from 2003 to 2006. There are 23 along a long profile 
perpendicular to the shore (Main Line) at Burntcoat Head, and another 34 at various points on 
cliff-foot ledges and on the platform surface in the upper intertidal and supratidal zones (Fig. 
3.4). At Scots Bay, 31 TMEM stations were placed along 4 shore-normal profiles, and a further 20 
on the platform in the high tidal and supratidal zones (Fig. 3.6). Most stations (92) were installed 
on bare rock surfaces, but some (16) were put in, or under, all the rockpools and small pockets 
of beach sediment or erosional debris in the study areas; all the loose material consisted of the 
same material as the underlying rock surface. Each station was surveyed to determine its 
elevation. 
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Measurements were made each year, generally in July, at 7 points at each TMEM station; 
distance to the study sites and harsh winters generally precluded more frequent measurement. 
Mean downwearing rates (mm yr1) reported in this paper for each station were determined by 
calculating the change in elevation at the 7 points from the time of station installation to the 
most recent measurements (July 2009). The annual downwearing rate was obtained for each of 
these points by dividing by the number of years that the station had been in operation; the mean 
downwearing rate for each station was the mean of the annual downwearing rate at each of the 
7 points. 
The Schmidt Rock Test Hammer has been used to determine the hardness of the rock on 
shore platforms, to represent its resistance to erosional processes, and to assess the effect of 
weathering on platform surfaces (Haslett and Curr, 1998; Trenhaile et ai, 1998, 1999, 2006; 
Stephenson and Kirk, 2000a, 2000b; Andrade et ai, 2002; Dickson et al., 2004; Kennedy and 
Beban, 2005; Kennedy and Dickson, 2006; Thornton and Stevenson, 2006). Thirty 
measurements were made with an N-type Rock Test Hammer at each TMEM station, and the 
mean of these rebound values (R-values) was used, without numerical filtering of apparent 
outlier scores, to represent rock hardness at each site. 
3.3 Results 
3.3.1 Laboratory data 
There was considerable variation in downwearing rates between rock samples exposed 
to the same experimental conditions in the 3 year experiments, which replicated conditions 
between the LHT and HLT levels. The data were positively skewed, with means that were higher 
than the medians, reflecting the occurrence of a smaller number of more rapidly eroding rock 
samples and a larger number of less rapidly eroding samples (Table 3.2). The sandstones eroded 
much faster than the basalts at all tidal levels. There was little difference in downwearing rates 
at the mid- and low tidal (LHT) levels for each type of rock, but rates were much higher at the 
high tidal (LHT) level. Comparing downwearing rates in artificial sea water and de-ionized water 
suggested that the presence of salts promoted downwearing in sandstones but inhibited 
downwearing in basalts (Table 3.2). 
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Table 3.2 
Descriptive statistics for experimental rock surface downwearing (mm yr ' ) between the level of the lowest high 
tide (LHT) and highest low tide (HLT), measured over 3 years (negative values occur in weight gain through 
water absorption or salt retention). 
Artificial sea water 
Mean 
Median 
Maximum 
Minimum 
Standard Deviation 
De-ionized water 
Mean 
Median 
Maximum 
Minimum 
Standard Deviation 
Low Tide 
(HLT) 
0.757 
0.376 
4.693 
-0.666 
1.105 
0.316 
0.115 
4.485 
-0.575 
0.759 
Sandstone 
Mid-Tide 
0.608 
0.091 
4.385 
-0.035 
1.121 
0.225 
0.032 
4.466 
-0.355 
0.694 
High Tide 
(LHT) 
1.801 
0.921 
4.500 
0.051 
1.653 
1.300 
0.158 
4.954 
-0.432 
1.879 
Low Tide 
(HLT) 
0.015 
0.003 
0.463 
-0.050 
0.058 
0.042 
0.007 
1.638 
-0.035 
0.195 
Basalt 
Mid-Tide 
0.012 
0.000 
0.575 
-0.025 
0.076 
1.484 
1.293 
4.051 
-0.022 
1.427 
High Tide 
(LHT) 
0.178 
0.005 
2.099 
-0.017 
0.443 
0.788 
0.048 
4.051 
-0.026 
1.204 
Downwearing rates in the one year experiments were again much higher for the 
sandstones than for the basalts above the LHT level (Table 3.3). Mean downwearing rates in this 
zone tended to decrease with increasing elevation and, consequently, with decreasing 
immersion frequency and increasing exposure duration. Downwearing rates in the upper 
intertidal zone were also much higher in artificial sea water than in de-ionized water, especially 
in the sandstones. Downwearing rates were low at all elevations, in de-ionized water and in 
artificial sea water, in the lower portion of the intertidal zone, below the HLT level, which 
experiences long periods of immersion (Table 3.3). 
Table 3.3 
Mean rates of downwearing (mm y r ' ) measured over one year in the upper 
and lower intertidal zones. 
High tidal (above the LHT level) 
3 week exposure 
2 week exposure 
1 week exposure 
Artificial sea water 
Sandstone Basalt 
De-ionized water 
Sandstone Basalt 
0.912 
0.980 
1.754 
0.020 
0.020 
0.088 
0.034 
0.011 
0.075 
0.006 
0.005 
0.005 
Low tidal (below the HLT level) 
1 week immersion 
2 week immersion 
3 week immersion 
0.027 
0.024 
0.027 
0.017 
0.017 
0.016 
0.015 
0.017 
0.010 
0.012 
0.009 
0.008 
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3.3.2 Field data 
There was downwearing at most of the TMEM stations at Burntcoat Head and Scots Bay, 
but in both areas, the surface at a few stations was higher than it had been at the time of 
installation (Figs. 3.4 and 3.5). Surface elevation or swelling of up to several millimetres, and 
persisting from minutes to years, has been reported on shore platforms from a wide variety of 
environments and rock types (Kirk, 1977; Mottershead, 1989; Stephenson and Kirk, 2001; 
Taylor, 2003; Stephenson et at., 2004; Stephenson and Thornton, 2005; Foote et ai, 2006; 
Trenhaile, 2006; Trenhaile et ai, 2006; Gomez-Pujol, et a/., 2007; Porter and Trenhaile, 2007; 
Porter et al, 2010; Stephenson and Finlayson, 2009). Swelling has been attributed to salt 
crystallization or wetting and drying, although it has not been determined whether it promotes 
or presages erosional events. Rock surfaces can only be lowered over the long-term, however, 
and swelling is therefore a temporary episode. Consequently, stations that experienced swelling 
rather than downwearing were excluded from calculations of the mean downwearing rate for 
each study area, intertidal zone, or rock type, unless stated otherwise. 
The mean downwearing rate of 1.254 mm yr1 in the Burntcoat Head sandstones (1.145 
mm yr1 when swelling was included) was broadly similar to the experimental values (Table 3.2; 
Fig. 3.4). Unlike the experimental data, there was little evidence in the field that downwearing 
rates were greater in the upper than in the lower portion of the central intertidal zone (between 
the LHT and HLT levels). Largely because of very high rates, ranging up to more than 12 mm yr1, 
at a few TMEM stations, mean downwearing rates were greatest on the shore platform and rock 
ledges in the upper intertidal zone, above the LHT level (Fig. 3.4). These high rates may have 
resulted from the removal of thin slabs of rock by wave or ice quarrying, however, rather than 
by weathering. This conclusion is supported by the presence of quarried scars on the rock, the 
occurrence of similar amounts of surface lowering at all, or most, of the 7 measured points at a 
TMEM station, and single large, episodic increases in lowering from one year to the next, as 
opposed to smaller, more continuous downwearing over a number of years (Fig. 3.7a). With the 
exception of these quarried surfaces, downwearing by granular disintegration in the upper 
intertidal zone (above the LHT level) was significantly slower than in the more central portions 
of the intertidal zone (between the LHT and HLT levels), as predicted by the laboratory data. 
Measurements from the few TMEM stations located below the LHT level also suggested that 
downwearing rates in the lower intertidal zone are very low. Nevertheless, although some 
aspects of the relationship between downwearing rates and elevation at Burntcoat Head were 
consistent with the laboratory data (Tables 3.2 and 3.3), there were no statistically significant 
linear or logarithmic relationships within any of the intertidal zones. 
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As in the laboratory experiments, the mean downwearing rate of 0.722 mm yr1 on the 
exposed mid- to high tidal portion of the basaltic platform at Scots Bay (0.634 mm yr1 when 
swelling was excluded) was lower than on the Burntcoat Head sandstones (Fig. 3.5). The mean 
downwearing rate was also much lower in the field than at the mid- and high tidal (LHT) levels 
in the artificial sea water experiments. Conversely, the mean rate in the field was lower than in 
the de-ionized water experiments for the mid-tidal level, and similar for the high tidal (LHT) 
level (Table 3.2). Relationships between TMEM station elevation and downwearing rates in the 
central (HLT to LHT) and upper (above the LHT level) parts of the intertidal zone at Scots Bay 
were not statistically significant. 
Although it might be expected that downwearing rates would vary with rock hardness, 
there was no significant relationship in the study areas. This may be partly attributed to the 
fairly small range of hardness values at each site (maximum, minimum, and mean Rock Hammer 
R-values of 37, 12, and 23 at Scots Bay, and 20, 8, and 13 at Burntcoat Head, respectively), but 
there was still no significant relationship when the data from the two areas were combined to 
provide a larger range of hardness values. The lack of relationships between downwearing rates 
and rock hardness and station elevation is the result, in part, of a relationship between station 
elevation and rock hardness (r2 = 0.15 and 0.35 at Burntcoat Head and Scots Bay, respectively), 
but it also reflects local conditions at each TMEM station. 
3.3.3 Downwearing in rockpools and on buried surfaces. 
Three TMEM stations were installed in rockpools at Burntcoat Head (Fig. 3.4; Table 3.4). 
Station 5C was in a shallow, basin-shaped rockpool with a small amount of sand (usually up to 1 
cm in thickness) in the middle portion of the platform (Fig. 3.7b). The floor of the rockpool was 
dry during low tidal periods. Two stations were installed in deeper rockpools with near-vertical 
sides that contained marine organisms and some trapped sand and small stones (diameter 0.5 to 
2 cm). These rockpools remained full of sea water during low tide. Station M was located in the 
upper part of the platform near the cliff foot and station 9C in the lower part of the platform (Fig. 
3.7c). Downwearing rates were consistently high at all 7 measurement points at the station in 
rockpool 5C, and they were also high in the rockpool at station M. Downwearing in rockpool 9C 
was not only much slower than in the other two rockpools but it was also slower than at stations 
9 and 10 on the adjacent platform surface in the lower intertidal zone (0.484 and 0.743 mm yr1, 
respectively). Nevertheless, downwearing rates in both rockpools were significantly higher than 
the values obtained in the laboratory for sandstones immersed for long periods (Table 3.3). The 
overall shape of the rockpools and their rough, uneven walls and floors (Fig. 3.7c) suggested 
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that, in contrast to rockpool 5C, abrasion was not effective in M and 9C, and that the differences 
between experimental and field downwearing rates could be attributed to bioerosional 
processes, or to chemical weathering of the sandstone cement. 
Several stations were installed at Burntcoat Head to measure abrasion rates on the 
platform surface (Table 3.4). Three stations were placed along a 2.9 m long line under a small 
sand deposit in the upper middle portion of the platform (Fig. 3.8a); there was no apparent 
variation in grain size in this deposit in the horizontal or vertical plane. The thinner sand deposit 
(1-2 cm thick) over station Bl was probably mobilized by waves and swash more frequently 
than the thicker sand deposits at stations B2 and B3 (5-12 cm thick). The occurrence of the 
lowest downwearing rate under the thinnest sand deposit therefore suggested that abrasion was 
not a dominant erosional mechanism at this site. Furthermore, downwearing rates under the 
sand at the 3 stations were similar to those on bare sandstone surfaces at this elevation (Fig. 
3.4). There were no bioerosional organisms visible on the rock surface (although bacteria may 
be active), which was kept wet beneath the sand, especially at stations B2 and B3, and 
downwearing may therefore result in part from chemical weathering of the sandstone cement. 
Loose sand grains are swept in a thin sheet over the platform surface in the area 
occupied by stations 110 to 112, which were distributed along a 30 m long line perpendicular to 
the shore. The mean downwearing rate was much higher than the Burntcoat mean for this 
elevation at station 110, the most landward of the three stations, and it was also above the mean 
for the most seaward station, 112. Although these high rates suggested that abrasion may be 
effective at these stations, it is difficult to explain why the downwearing rate at the intermediate 
station. 111, which was on the same rock strata, was below the mean for this elevation. 
There were no abrasional rockpools at Scots Bay. Because of platform steepness, high, 
seaward facing scarps, and fine-grained sediments in the tidal flat, sand is restricted throughout 
the year to the outer edge of the platform. The only other possible abrasive material consists of 
loose, rounded boulders in the lower portion of the platform and some small pockets of basaltic 
granules in the central area. Transverse micro-erosion meter stations were installed near or 
under these granules in two places. Station Al was landwards and a little above a pocket of loose 
rock fragments, whereas A2 was about 1 m further seawards and closer to the thickest portion 
of the deposit. Both sites have been found to be exposed on some occasions and covered by 
material on others. Although the mean downwearing rate at station A2 was much higher than at 
station Al, the rates at both stations were very low and similar to those at the same elevation on 
bare rock surfaces. Five TMEM stations (Bl to B5 moving seawards) were installed along a 3.6 m 
long, shore-perpendicular line running through a small deposit of basaltic fragments (Fig. 3.8b). 
Again, there was no clear evidence of effective abrasion at these stations. Although the 
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downwearing rate at station B2, which was under 1 - 2 cm of granular material, was higher than 
for the mean at this elevation, the rates at the other stations were similar to those on bare rock 
surfaces (Table 3.4). 
Table 3.4 
TMEM station data from stations installed in rockpools and under or close to possible abrasive 
material. 
Station Installed 
D o w n " t Tidal 
wearing rate p o s j t i o n l 
(mm y r 1 ) 
Artificial sea 
water 
experiments2 
Site description 
Burntcoat Head 
M 
5C 
9C 
Bl 
B2 
B3 
110 
111 
112 
Scots Bay 
Al 
A2 
Bl 
B2 
B3 
B4 
B5 
July 2005 
May 2003 
July 2005 
June 2004 
|une2004 
June 2004 
July 2005 
July 2005 
July 2005 
(une2004 
June 2004 
June 2004 
|une2004 
|une2004 
June 2004 
|une2004 
1.535 
1.734 
0.267 
1.029 
1.694 
1.571 
6.256 
0.699 
1.928 
0.002 
0.041 
0.278 
0.940 
0.262 
0.244 
0.127 
>LHT 
<MT 
<HLT 
LHT-MT 
LHT - MT 
LHT - MT 
LHT-MT 
LHT - MT 
LHT-MT 
LHT - MT 
LHT - MT 
LHT-MT 
LHT-MT 
LHT - MT 
LHT - MT 
LHT-MT 
1.754 
0.608 
0.027 
1.801-0.608 
1.801-0.608 
1.801-0.608 
1.801-0.608 
1.801-0.608 
1.801-0.608 
0.178-0.012 
0.178-0.012 
0.178-0.012 
0.178-0.012 
0.178-0.012 
0.178-0.012 
0.178-0.012 
Angular, steep sided rockpool, 20 by 30 cm in area and 
14 cm in depth 
Saucer-shaped rockpool, 25 cm diameter, 14 cm 
maximum depth. Elevation 6.3 m (middle platform). 
Angular, steep sided rockpool, 20 x 10 cm in area and 12 
cm deep. Elevation 3.5 m (lower platform) 
Platform surface under 1-2 cm of sand. Elevation 9.3 m 
Platform surface under 5 -7 cm of sand. Elevation 9.2 m 
Platform surface under 10 - 12 cm of sand. Elevation 9.2 
Platform surface wi th discontinuous, loose sand fi lm. 
Elevation 9.4 m 
Platform surface w i th discontinuous, loose sand film. 
Elevation 8.9 m 
Platform surface wi th discontinuous, loose sand film. 
Elevation 8.6 m 
Immediately landwards of small basalt fragments. 
Elevation 8.2 m 
Under 1 - 2 cm of basalt fragments. Elevation 9.1 m 
Immediately landwards of small basalt fragments. 
Elevation 8.5 m 
Under 1-2 cm of basalt fragments. Elevation 8.3 m 
Under 1-2 cm of basalt fragments. Elevation 8.3 m 
Under 1-2 cm of basalt fragments. Elevation 8.3 m 
Immediately seawards of small basalt fragments. 
Elevation 8.2 m 
1 > LHT is in the upper i n te r t i da l zone, < MT is a l i t t le be low the m id - t i da l level , < HLT is in the l o w e r i n te r t i da l 
zone, LHT - MT is be tween the lowes t h igh t ida l level and the m id - t i da l level. 
2 Refers to the mean d o w n w e a r i n g rates in the ar t i f i c ia l sea w a t e r exper iments (Tables 1 and 2). 
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Figure 3.4: Platform profiles, TMEM stations (identified by a number or letter), and mean annual rates of 
surface downwearing (bars, with values in boxes) at Burntcoat Head. HLT is the lowest high tidal level and HLT 
is the highest low tidal level. 
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. -8> ' - y î %*f.'* *:. ^
K ' , 
-*%* €§& 
m* 
WUizS& 
*£|B-*f| 
^8iP! 
V 
» 
%
« 
Approximate 
neap to spring 
low Tido 
M 2Mm 
ioMsSS 
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Figure 3.7: Burntcoat Head, a) TMEM K9 on a quarried, cliff-foot ledge (mean downwearing rate 12.084 mm 
yr-1); b) rockpool 5C with a TMEM station in its floor (mean downwearing rate 1.734 mm yr1) and TMEM 5 
(mean downwearing rate 1.765 mm yr1); c) rockpool 9C drained and cleared of material to show the steep 
rough sides and floor (mean downwearing rate 0.267 mm yr1). The diameter of the circled station in Fig. 7a is 
about 8 cm. The distance between stations 5c and 5 in Fig. 5b is 2.2 m. Rockpool 9C in Fig. 7c is about 20 cm 
long, 10 cm wide, and 12 cm deep. 
Sand 
Basalt 
granules 
' Trench in sand 
Figure 3.8: Stations Bl to B3 at base of trench dug through sand at Burntcoat Head; b) stations Bl to B5 under 
basalt granules at Scots Bay. The sand at Burntcoat Head always had to be removed to allow measurements to 
be made, whereas the stations at Scots Bay were sometimes exposed. The distance between stations Bl and B3 
at Burntcoat Head is 2.9 m, and the distance between Bl and B5 at Scots Bay is 3.6 m. 
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3.4 Discussion 
Many workers have used TMEMs to measure rates of surface lowering on shore 
platforms and other coastal rock surfaces; mean station downwearing rates have generally been 
found to be less than 3 mm yr1, with the majority less than 1 mm yr1. Excluding sites where 
swelling occurred, mean downwearing rates of 1.254 mm yr1 in the sandstones at Burntcoat 
Head and 0.722 mm yr1 in the basalts of Scots Bay are fairly typical of rates reported from 
similar types of rock in other areas (Stephenson and Finlayson (2009). For example, Taylor 
(2003) recorded a downwearing rate of 0.29 mm yr1 on intertidal basalts on Akaroa Peninsula 
near Christchurch, New Zealand (similar to rates at Scots Bay below the lowest high tidal level), 
and rates of 0.3 - 0.37, 0.78, and 0.2 to 3.4 mm yr 1 have been reported for greywacke, a type of 
fine-grained sandstone, on the Otway Coast of Victoria, Australia, in an area about 10 km south 
of the Kaikoura Peninsula in southern New Zealand, and in Portugal, respectively (Gill and Lang, 
1983; Andrade et al., 2002; Taylor, 2003; Stephenson and Thornton, 2005). 
Experimental downwearing rates in the sandstones in artificial sea water were similar 
to downwearing rates measured with TMEMs at Burntcoat Head, but downwearing rates in the 
basalts were much higher in the field at Scots Bay than in the artificial sea water experiments. 
The laboratory data suggests that basalt downwearing can be quite rapid in de-ionized water, 
however, where the rocks are wetted and then exposed for fairly long periods (Table 3.2, LHT 
and mid-tidal levels). It is possible, therefore, that high rates of downwearing at Scots Bay are 
the result of frequent freshwater wetting and drying cycles associated with heavy rainfall (mean 
about 1200 mm yr 1 at Scots Bay) and condensation from dense, morning sea fogs, which are 
characteristic of this coastal site. Although rainfall induced wetting and drying might also 
contribute to downwearing at Burntcoat Head, the laboratory data (Table 3.3) imply that 
weathering and debris removal in sea water can generally account for measured rates of 
downwearing in the sandstones. 
These experimental data discussed in this paper suggest that downwearing rates are 
related, in part, to the elevation of the site (Fig. 3.9), although this relationship was not apparent 
in the field. Some disparity between field and experimental data can be attributed to differences 
in the conditions under which downwearing took place. Downwearing rates in the field were 
obtained from a much greater variety of elevations and from rocks with a greater range of 
physical and chemical characteristics than in the laboratory. Furthermore, some of the TMEM 
stations on bare rock surfaces in the field were in topographic depressions whereas others, at 
similar elevations, were on well drained slopes or on top of high points on the platform surface. 
Some other stations, in rockpools, under beach or detrital material, and in areas occasionally 
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swept by sand, experienced conditions that were not replicated in the experiments. 
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Figure 3.9: Summary of the relationship between downwearing rates and elevation in the intertidal zone in the 
Burntcoat sandstones and Scots Bay basalts. The values are the means from the experimental data using 
artificial sea water, and are therefore the result only of weathering and debris removal. 
Downwearing rates in the experiments were measured under controlled conditions that 
considered only the effect of alternate tidal immersion and exposure in de-ionized water and 
artificial sea water. The experiments excluded numerous other factors which contribute to 
downwearing rates measured with TMEMs in the field, including frost, bioerosion, ice, and 
waves, as well the effect on drying rates of slope aspect, micro-topography, and surface albedo. 
Another possible reason for differences between field and experimental data is very slow 
downwearing in the Bay of Fundy in winter, owing to cold air and the presence of ice on the 
platforms. Annual downwearing rates from the experiments might therefore represent a longer 
period in the field (say 1.25 years for a 3 month winter), although slow downwearing by wetting 
and drying and by salt and chemical weathering in winter may be countered by frost weathering 
and ice abrasion. 
These experimental data suggest that, whereas the presence of salts promoted 
downwearing in the coarse-grained sandstones in the middle portion of the intertidal zone 
(between the LHT and the HLT levels), it inhibited breakdown in the basalts, the highest rates 
occurring in de-ionized water rather than in artificial sea water (Table 3.2). In the upper 
intertidal zone, above the LHT level, downwearing rates in the sandstones, and to a lesser extent 
in the basalts, were much higher in artificial sea water than in de-ionized water, which suggests 
that the long drying periods at these elevations promote salt crystallization and other salt 
weathering processes, and possibly chemical weathering (Table 3.3). Sandstone and basalt 
downwearing rates in artificial sea water in the lower intertidal zone, below the HLT level, were 
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roughly double the rates in de-ionized water, although they were uniformly low at all elevations 
in this zone. Because of infrequent periods of exposure, it is unlikely that salt crystallization or 
wetting and drying operate effectively below the HLT level, although there could be some 
chemical weathering augmented by bioerosion in the field (Table 3.3). 
Shore platforms are the result of cliff retreat and subsequent lowering of the residual 
erosional surface produced at the cliff foot. The base of the cliff is between 12 to 15 m above sea 
level at Burntcoat Head and at about 13 m above sea level at Scots Bay (Figs. 3.4 and 3.5); this 
implies that the outer edge of the platform has been lowered by these amounts in the two study 
areas. Mean sea level has been within the present tidal range in the Bay of Fundy for about 4000 
years (Fig. 2.3)(Amos, 2004). Assuming that the platforms were not inherited, at least in part, 
from one or more interglacial stages, their outer edges at the low tidal level would have been 
lowered by about 3 to 3.75 mm yr1 at Burntcoat Head (12 m/ 4000 yr to 15m/4000 yr) and by 
3.25 mm yr1 (13 m/ 4000 yr) at Scots Bay (Figs. 3.4 and 3.5). The laboratory and field data 
reported in this paper suggest that weathering-induced downwearing alone could not have 
lowered platform surfaces by these amounts since the sea reached its present level; although the 
data were obtained over fairly short periods, it is unlikely that mean rates over the last 4000 
years could have been substantially higher than they are today. Therefore, if the platforms are 
contemporary features, most platform lowering was accomplished indirectly, by backwearing 
rather than by downwearing mechanisms, including by wave and ice quarrying, assisted by 
weathering along joints and other rock discontinuities. The age of the platforms in the Bay of 
Fundy is unknown, however, and it is possible that downwearing processes have been operating 
on these platforms for much longer than 4000 years. 
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3.5 Conclusions 
The conclusions of this paper are as follows: 
(a) mean TMEM downwearing rates were 1.254 mm yr1 in the sandstones of Burntcoat Head 
and 0.722 mm yr1 in the basalts at Scots Bay; 
(b) there was no relationship between downwearing rates and rock hardness or TMEM station 
elevation in either area; 
(c) experimental downwearing rates are highest in the lower portion of the high tidal zone (at 
the LHT level - a little below the mean neap high tidal level) and decrease with elevation to 
the spring high tidal levels; 
(d) experimental downwearing rates are very slow in the lower part of the intertidal zone 
(below the HLT level - a little above the mean neap low tidal level); and 
(e) salt or chemical weathering is dominant above the LHT level, whereas salt weathering and 
wetting and drying are important in the more central portions of the intertidal zone 
(between the LHT and HLT levels - roughly corresponding to the neap tidal range). 
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CHAPTER 4 
Patterns of surface downwearing on shore platforms in eastern Canada 
mmmmaammmmmmmmmmaammmmmmammmmammmmmmmmmmmmaammamm 
4.0 Introduction 
Traditional work on shore platforms was largely concerned with the processes thought to be 
responsible for their development (Bartrum, 1926; 1935; Johnson, 1938; Edwards, 1951; Cotton, 
1963; Hills, 1971; Trenhaile, 1987). Most of the investigations conducted during the first half of 
the last century were qualitative and largely based on the interpretation of potentially 
ambiguous field evidence. More recent work within the last few decades has been more 
quantitative, and it has frequently employed: field survey to determine shore platform 
morphology and elevation in relation to tidal levels (Trenhaile, 1972; Takahashi, 1977; 
Stephenson and Kirk, 1998); Schmidt Rock Test Hammers to measure rock hardness for 
absolute or comparative purposes, and to identify variations in rock hardness as a result of 
weathering (Trenhaile et al, 1999; Stephenson and Kirk, 2000; Kennedy and Dickson, 2006); 
and micro-erosion meters, or their variant transverse micro-erosion meters (TMEM will be used 
in this paper to refer to both types of instrument), to measure slow rates of surface 
downwearing (surface lowering or erosion in the vertical plane)(Kirk, 1977; Robinson, 1977a,b; 
Gill and Lang, 1983; Stephenson and Kirk, 1998; Foote et al., 2006; Trenhaile et al, 2006; 
Stephenson and Finlayson, 2009; Stephenson et al., 2010). Downwearing has been ascribed to 
abrasion where there is suitable loose material at a site (Robinson, 1977a; Blanco-Chao et al, 
2003), but where abrasives are absent, it has been attributed to weathering and removal of the 
fine-grained debris by waves (Robinson, 1977b; Mottershead, 1989; Stephenson and Kirk, 1998). 
The frequency and duration of tidal immersion and exposure intervals influence the 
amount of water absorbed and evaporated by rocks in the intertidal zone during tidal wetting 
and drying cycles, the time available for chemical weathering and salt crystallization within rock 
voids, and the type and number of bioerosional organisms on platform surfaces (Trenhaile, 
1987). Therefore, it might be expected that rates of surface downwearing would vary on shore 
platforms with intertidal elevation. The existence of spatial patterns in the rate of surface 
downwearing by weathering and debris removal would have important implications for our 
understanding of platform morphodynamics and for attempts to mathematically model platform 
evolution with constant and changing relative sea level (Trenhaile, 2008, 2010). 
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Few studies have employed enough TMEM stations to identify spatial variations in 
downwearing rates on shore platforms. Robinson (1977b) found that the most rapid 
downwearing is on the landward and highest part of a sloping shore platform in northeastern 
England. Foote et al. (2006) also found that downwearing on shore platforms in southern 
England and northern France is fastest at the cliff foot; this maximum is the result of abrasion, 
however, and the fastest rate attributable to weathering is in the more central parts of the 
platforms. Downwearing rates are similar above and below the mid-tidal level in this area and 
there is no relationship with the frequency or depth of tidal immersion. It was originally 
reported by Kirk (1977) that the fastest downwearing rates on the platforms of the Kaikoura 
Peninsula in southern New Zealand are along their landward and seaward margins, but a much 
longer record suggested that rates are generally fastest in the more landward parts of the 
platform and that they decrease seawards (Stephenson and Kirk, 1996). Trenhaile (2003) 
analysed the data from Robinson's (1977b), Stephenson and Kirk's (1998), and Gill and Lang's 
(1983) studies, but failed to find any relationship between elevation and downwearing rates. 
Nevertheless, Stephenson (1997) identified several significant relationships on the Kaikoura 
Peninsula by correlating downwearing rates against elevation, wetting and drying tidal 
frequency, and cross-shore location. Elevation was the significant variable for mudstone 
platforms that slope into the sea (r = 0.72) or that terminate abruptly in a low tide cliff (r = 0.6). 
Conversely, the significant variable for sloping limestone platforms was the distance from the 
seaward edge (r = 0.57). Despite much of the variance being unexplained, Stephenson's data 
suggested that downwearing rates in the mudstones at Kaikoura tend to decline with elevation, 
and consequently with wetting and drying cycle frequency. Using the same data from the 
subhorizontal mudstone platforms at Kaikoura, Inkpen et al. (2004) confirmed that there is a 
small but significant increase in downwearing rates with distance from the seaward edge of the 
platform. At a much smaller scale, Inkpen and Stephenson (2006) found that the high points 
measured within each TMEM station at Kaikoura are lowered more rapidly than the low points, 
although points that eroded rapidly in one measurement period eroded less rapidly over the 
next period, 6 months later. Wetting and drying is particularly effective on mudstones and other 
argillaceous rocks, however, and it remains to be determined whether downwearing rates vary 
with elevation across platform surfaces composed of other types of rock, or in environments 
where other downwearing mechanisms are important. 
The purpose of this paper is to discuss and analyze downwearing rates on shore 
platforms. The analysis is based on 1 and 3 year laboratory experiments, and on data from about 
200 TMEM stations on shore platforms at 7 micro- to megatidal sites in eastern Canada. The 
laboratory results, in summary format (means, medians, standard deviations), and downwearing 
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data from 3 of the study areas (Scots Bay, Burntcoat Head and Mont Louis), were published 
recently (Porter et al., 2010 a,b). This paper provides additional field data from 4 study areas 
and statistical analyses of the laboratory and field data to determine whether downwearing 
rates vary in any predictable manner on shore platforms on different rock types and in different 
morphogenic environments. Porter et al. (2010a) concluded that there was no apparent 
relationship between downwearing rates and elevation at Scots Bay or Burntcoat Head, but this 
was not tested statistically nor were trends analyzed within the upper, central and lower 
portions of the intertidal zone. Porter et al. (2010b) found no relationship between 
downwearing rates and elevation at Mont Louis, where the platform surface is irregular but 
essentially quasi-horizontal. 
This study is concerned only with the type of downwearing, resulting from granular 
disintegration and the removal of small rock fragments, which can be measured with TMEMs. It 
is not concerned with the removal of weathered or unweathered joint blocks and other large 
rock fragments from platform surfaces (quarrying), which cannot be measured with this 
instrument. The abbreviations LHT (lowest high tide) and HLT (highest low tide) refer to tidal 
elevations that define the boundaries between the central (extending between the HLT and LHT 
levels) and upper (above the LHT levels) intertidal zone, and between the central and lower 
(below the HLT) intertidal zone, respectively. The LHT level is below the mean neap high tidal 
level and the HLT is above the mean neap low tidal level. It is implicit in this paper that the 
detachment of grains and small fragments from platform surfaces by weathering is 
accompanied, almost immediately, by removal of the debris by gravity in the laboratory and by 
waves in the field, resulting in erosion in the form of surface downwearing. 
4.1 The Study Areas 
There were seven study areas in eastern Canada, including four in the macro- to megatidal Bay 
of Fundy (Figure 4.1). The shore platform at Salmon River, on the southern shore at the mouth of 
the Bay, is in early Cambrian sandstone turbidites and slates, metamorphosed in places to schist 
and gneiss. It is from 70 to 80 m in width and has a convex profile with gradients of 5.5 to 6.5° up 
to 30 m from the low cliff, and 2 to 3° further seawards; overall platform gradients range from 
about 3.5 to 5.7°. There are large deposits of pebbles and rounded boulders on the platform and 
smooth, abraded rock surfaces and troughs running with the strike of the rocks at high angles to 
the shore. There were three other study areas on sloping shore platforms near the head of the 
Bay of Fundy, in Jurassic basalts at Scots Bay (Crosby, 1962), Late Devonian to Early 
Carboniferous shales, siltstones, mudstones, and fine sandstones at Bramber, and Triassic 
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sandstones at Burntcoat Head (Klein, 1962) (Figures 4.1 and 4.2). The lower portion of the Scots 
Bay platform is covered by a sandy tidal flat but the exposed section, which is largely above the 
mid-tidal level, is from about 100 to 120 m in width. Platform gradients decrease from about 
7.5° to 3.5° from the upper to the lower portion of the exposed surface (Porter et ai, 2010a). The 
platform at Bramber has a linear to slightly convex profile, with gradients from almost 2° up to 
more than 5°. It is covered by seaweed and loose rock fragments in places, and by a muddy tidal 
flat below the mean low tidal level. Most of the platform surface at Burntcoat Head is bare, 
although there are shallow pockets of sand in a few places. The platform is more than 500 m in 
width during low spring tides and its profile is slightly concave upwards, with gradients ranging 
from about 2.5° in the upper portion to 1° to 1.5° in the lower portion (Porter etai, 2010a). 
Figure 4.1: The study areas in eastern Canada, at Salmon River (SR), Bramber (B), Scots Bay 
(SB), Burntcoat Head (BH], Mont Louis (ML), East Point (EP), and Arisaig (A). 
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Figure 4.2: Shore platforms at A) Salmon River with TMEM station 8 in circle; B) Scots Bay; CI Bramber Dl 
Burntcoat Head; E) Mont Louis; F) East Point with TMEM station 12 in circle; and G) Arisaig. 
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The other three study sites were in the micro- to mesotidal St Lawrence Estuary and Gulf 
of St. Lawrence (Figures 4.1 and 4.2, and figure 4.7 in Porter et at., 2010b) The subhorizontal 
shore platform at Mont Louis consists primarily of Ordovician siltstones, mudstones, and shales 
(Enos, 1969; Trenhaile et at., 2006; Porter eto/. 2010b). The platform is from about 140 to 180 m 
in width, and it is at an elevation at, or slightly above, the mid-tidal level. The platform 
terminates abruptly seawards in a low tide cliff. Much of the platform surface is characterized by 
shallow pools that have developed in weaker rock outcrops between ridges of more resistant 
strata. The intertidal zone at East Point consists of a series of narrow, subhorizontal ledges, 
extending up to about 20 m from the cliff foot. The ledges have been cut into horizontal beds of 
soft red, arkosic Permian sandstone and they are fronted in places by a sandy beach or by 
quarried rock fragments and large joint blocks. The rocks at Arisaig consist largely of landward-
dipping Silurian siltstones and sandstones. The platform is narrow, ranging up to only a few tens 
of metres in width, and it is covered in places by small rock fragments and quarried joint blocks. 
The surface is irregular and the profile has no consistent shape; the overall gradient is between 
about 1.7 and 2°. 
An analysis of annual high and low tidal levels at each of the study areas (Fisheries and 
Oceans Canada, 2006), showed that the difference in elevation between the LHT and HLT levels 
decreases with the tidal range. About half of the maximum tidal range falls within the central 
intertidal zone in the megatidal Bay of Fundy, but this decreases to zero at East Point, where the 
LHT level is below the HLT level, and at Arisaig where the two levels are coincident. The entire 
subhorizontal platform at Mont Louis lies above the LHT level (Table 4.1). 
Table 4.1 
Extreme tidal levels in eastern Canada1 (2006 data). 
Salmon River 
Scots Bay 
Burntcoat Head 
Mont Louis 
East Point 
Arisaig 
Highest high 
tide 
5.9 
12.7 
15.2 
3.2 
1.4 
1.8 
Lowest high tide 
(LHT) 
4.0 
9.4 
11.2 
1.6 
0.9 
1.2 
Highest low 
tide (HLT) 
2.0 
3.4 
3.9 
1.2 
1.0 
1.2 
Lowest low 
tide 
0.2 
-0.1 
-0.2 
0.2 
0.3 
0.1 
% of tidal range 
between the 
LHT and HLT 
levels 
35.1 
46.9 
47.4 
13.3 
0 
0 
1 Burntcoat Head tidal data were used in this paper to represent Bramber, which has no tidal data. 
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4.2 Methods 
4.2.1 Laboratory methods 
Experiments were conducted on the downwearing of basalts from Scots Bay, sandstones from 
Burntcoat Head, and argillacous rocks from Mont Louis. The experimental apparatus and 
methods have been discussed previously (Kanyaya and Trenhaile, 2005; Trenhaile, 2006; 
Trenhaile et a\., 2006; Porter and Trenhaile, 2007; Porter et o/., 2010 a, b), and to avoid 
repetition, only brief descriptions are provided here. There were two types of experiment Table 
4.2): 
a) Pumps and timers were used to circulate water through a series of basins that 
contained 1219 rock samples, in the form of cores of basalt and argillite, 1.9 cm in 
diameter and 2 cm in height, and cubes of sandstone with 2 cm long sides. Different 
periods of sample immersion and exposure simulated conditions at the lowest high 
tidal (LHT), mid-tidal, and highest low tidal (LHT) levels. These experiments ran for 
three years. 
b) A second series of experiments represented conditions in the upper and lower 
intertidal zone, where rocks experience prolonged periods of exposure above the 
LHT level and immersion below the HLT level. These experiments ran for 1 year and 
used 840 rock samples. 
Both types of experiment were conducted with synthetic sea water (which will be 
referred to as sea water) and, in order to isolate the effect of wetting and drying, de-ionized 
water (which will be referred to as fresh water). The change in the weight of each sample from 
the beginning to the end of the experiments was converted into rates of surface downwearing, 
using the technique of Porter et al. (2010a). One-way analysis of variance (ANOVA) was used to 
determine whether there were significant differences (the p = 0.05 level was used in this paper 
for all statistical analysis) between downwearing means for the experimental treatments (three 
tidal levels, three rock types, and two types of water); analyses were conducted separately for 
the upper, central and lower intertidal zones. Although it is assumed in ANOVA that the 
dependent variable is normally distributed within groups, the F test is robust to deviations from 
normality, especially if the number of values per cell is fairly large, and from violations of the 
homogeneity of variances assumption (Box and Anderson, 1955; Lindman, 1974). Furthermore, 
distribution skewness does not generally have a strong influence on the F statistic. Following 
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Immersion period 
(time in water) 
1.5 h 
1.5 h 
1.5 h 
l h 
6h 
l l h 
l w k 
2wk 
3 wk 
Exposure period 
(time out of water) 
3wk 
2wk 
l w k 
l l h 
6h 
l h 
1.5 h 
1.5 h 
1.5 h 
ANOVA, the Scheffe Test, which can be employed with unequal sample sizes, was used to 
determine the significance of differences between pairs of means. 
Table 4.2 
Experimental periods of immersion and exposure. 
Elevation Subzone 
_ _ 
High intertidal zone HT2 
HT1 
LHT 
Central intertidal zone MT 
HLT 
LT1 
Low intertidal zone LT2 
LT3 
LHT is the lowest high tidal level and HLT is the highest low tidal level. MT is mid-tide. HT1 
to HT3 represent increasingly higher elevations in the upper intertidal zone and LT1 to LT3 
represent increasingly lower elevations in the lower intertidal zone. 
4.2.2 Field methods 
About 220 TMEM stations were installed in the seven study areas in eastern Canada. 
Some stations were damaged, however, and others have been buried under loose material; 
consequently, the downwearing data presented in this paper are from about 184 active stations, 
supplemented by data from a few stations that are now inactive (Figure 4.3). Most of the stations 
at Scots Bay, Burntcoat Head and Mont Louis were installed from 2003 to 2006, whereas those 
in the other areas were set up in 2007. About half the stations were between the LHT and HLT 
levels in the more central portions of the platform profiles, and half in the upper intertidal zone 
above the LHT level; because of the lack of exposed rock surfaces in some areas and the short 
periods available for installation at the low tidal level in others, there was only a fairly small 
number of stations in the lower intertidal zone, below the HLT level. 
The elevation of the same seven points on the rock surface at each TMEM station was 
measured every year. Although the instrument is capable of measuring more than 150 points at 
each station, it was important, given the purpose of this investigation, to maximize the number 
of stations on each platform while obtaining enough data to provide a reasonable indication of 
the mean rate of surface lowering at each station. More within-station measurements would be 
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Figure 4.3: Location of the TMEM stations in the study areas. 
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required, however, for detailed investigation of weathering-induced changes in micro-surface 
topography (Inkpen and Stephenson, 2006). 
Point downwearing data were used to calculate mean annual downwearing rates at each 
point, based on the change in elevation from the initial measurement, when the station was first 
installed, to the last measurement in July 2009. The mean annual downwearing rate reported in 
this paper for each station was the mean of the annual downwearing rates at each of the seven 
points. The platforms were surveyed to determine the elevation of the stations, and an N-type 
Schmidt Rock Test Hammer was used to determine the local hardness of the rock; 30 
measurements were made adjacent to each station, and the mean of the rebound values was 
used, without the elimination of outlier values, to represent each site. 
4.3 Results 
These experimental data suggested that downwearing produced by the processes that operated 
in the experiments, tends to be fastest at about the LHT level. Rates at the mid-tide and HLT 
levels are slower than at the LHT level and they are often similar to each other. Downwearing 
rates decrease with increasing elevation to the height of the highest high tides and they are 
uniformly low in the lower intertidal zone, below the HLT level. Downwearing in the central 
intertidal zone was generally faster in fresh water than in sea water in the basalts and argillites, 
but it was much faster in sea water than in fresh water in the sandstones. Downwearing rates in 
the upper and lower intertidal zone were fastest, for all three rock types, in salt than in fresh 
water (Table 4.3). 
Although the experimental data suggested that there is a relationship, for some 
weathering processes, between rates of surface downwearing and elevation, there was a wide 
range of values within each experimental treatment. The data had high standard deviations and 
skewness values that generally reflected the occurrence of a fairly small number of samples that 
broke down more rapidly and a larger number of samples that broke down more slowly (Table 
4.3; Figure 4.3). Analyses of variance (ANOVA) tests were run to compare downwearing means 
at different elevations and in different rock types within the group of experiments using salt 
water, and then repeated for the same groupings for the fresh water data. Other ANOVA tests 
were run to compare downwearing means at the same elevations for each type of rock and for 
each type of water treatment. Although the null hypothesis, that there was no difference in the 
means in each comparison, was accepted for the fresh water experiments in the upper intertidal 
zone, rejection of the hypotheses in the other comparisons indicated that at least one of the 
means was different from the others (Table 4.4). 
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Table 4.3 
Descriptive statistics for experimental rock surface downwearing (mm yr 1) in synthetic sea water and de-
ionized water over 3 years. 
Tidal 
Rock Type . . Number 
Synthetic sea water1 
Standard 
Mean 
De-ionized water 
Standard 
Deviation Number Mean deviation 
Sandstone 
Basalt 
Argillite 
HT3 
HT2 
HT1 
LHT 
Mid 
HLT 
LT1 
LT2 
LT3 
HT3 
HT2 
HT1 
LHT 
Mid 
HLT 
LT1 
LT2 
LT3 
HT3 
HT2 
HT1 
LHT 
Mid 
HLT 
LT1 
LT2 
LT3 
25 
25 
25 
57 
57 
57 
25 
25 
25 
25 
25 
25 
75 
75 
75 
25 
25 
25 
20 
20 
20 
49 
49 
50 
20 
20 
20 
0.912 
0.980 
1.754 
1.801 
0.608 
0.757 
0.027 
0.024 
0.027 
0.020 
0.020 
0.088 
0.178 
0.012 
0.015 
0.017 
0.017 
0.016 
0.374 
0.997 
0.456 
1.254 
0.630 
0.654 
0.016 
0.012 
0.015 
1.371 
1.516 
1.634 
1.653 
1.121 
1.104 
0.018 
0.012 
0.010 
0.019 
0.005 
0.219 
0.443 
0.076 
0.057 
0.026 
0.009 
0.008 
0.634 
0.595 
0.748 
1.469 
0.819 
0.953 
0.004 
0.006 
0.006 
25 
25 
25 
75 
75 
75 
25 
25 
25 
25 
25 
25 
75 
75 
75 
25 
25 
25 
20 
20 
20 
75 
75 
75 
20 
20 
20 
0.034 
0.011 
0.075 
1.299 
0.224 
0.316 
0.015 
0.017 
0.010 
0.006 
0.005 
0.005 
0.787 
1.483 
0.042 
0.012 
0.009 
0.008 
0.002 
0.015 
0.003 
2.807 
1.318 
0.503 
0.003 
0.001 
0.001 
0.028 
0.014 
0.278 
1.879 
0.694 
0.759 
0.005 
0.007 
0.005 
0.001 
0.004 
0.007 
1.204 
1.427 
0.194 
0.013 
0.006 
0.004 
0 
0.056 
0.001 
1.479 
1.309 
0.914 
0.001 
0.003 
0.001 
1 Commercial product, salinity 35%, containing 28 ions and elements in similar concentrations to natural sea 
water. HT 1 to HT 3 represents increasingly higher elevations in the upper intertidal zone and LT 1 to LT 3 
represents increasing lower elevations within the lower intertidal zone. 
Scheffe tests demonstrated that, in the sandstones and argillites, downwearing rates in sea 
water were similar at the mid-tidal and HLT levels but that they were significantly slower than 
at the LHT level, whereas in fresh water, rates were generally significantly different at the LHT, 
MT, and LHT levels in the three types of rock. There were few significant differences between 
downwearing rates in sea water at each of the three elevations in the upper and lower intertidal 
zone, although they were more common in fresh water (Table 4.5). With the exception in the sea 
water experiments of sandstones at the high tidal levels and basalts at the low tidal levels, the 
differences in rates of downwearing at the LHT level and in the lower part of the upper intertidal 
zone (HL1), and between rates at the HLT level and in the upper part of the lower intertidal zone 
(LT1) were significant. Scheffe Tests were also used to compare downwearing rates in sea water 
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and in fresh water at the same tidal levels. With the exception of basalts and argillites at the LHT 
level, differences in the rate of downwearing in fresh and salt water were significant in the 
central intertidal zone and, with the exception of basalts at the HT1 and LT1 levels, in the upper 
and lower intertidal zone. 
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Figure 4.4: Five number summary box plots of surface downwearing rates (mm yr 1) in the sea water 
experiments. Each column shows the median and maximum and minimum values for each experimental 
treatment. The shaded boxes extend from the 25 th to the 75th percentiles and therefore contain 50 % of the 
data. HT1, HT2 and HT3 refer to increasingly higher elevations in the upper intertidal zone, corresponding to 
1, 2, and 3 weeks of exposure between wetting events, respectively. 
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Table 4.4 
Sample ANOVA for the synthetic sea water and de-ionized water experiments. 
Above LHT 
Between Groups 
Within Groups 
Total 
LHTtoHLT 
Between Groups 
Within Groups 
Total 
Below HLT 
Between Groups 
Within Groups 
Total 
Salt Water 
1x2 
67.2 
189.9 
257.1 
169.7 
487.2 
657.1 
0.01 
0.03 
0.04 
df 
8 
200 
208 
8 
535 
543 
8 
201 
209 
mean 
X2 
8.39 
0.95 
21.21 
0.91 
0.00 
0.00 
Fresh Water 
Sig. 
8.84 0.000 
23.29 0.000 
6.68 0.000 
I * 
0.1 
1.9 
2.1 
447.53 
950.99 
1398.51 
0.01 
0.01 
0.01 
df 
8 
201 
209 
8 
666 
674 
8 
198 
206 
Mean 
X* 
0.01 
0.01 
55.94 
1.43 
0.00 
0.00 
Sig. 
1.36 0.217 
39.18 0.000 
15.90 0.000 
£x2 = sum of the squares, mean x2 = mean square, df = degrees of freedom, F is the F-test statistic and sig. is its 
significance. The F critical value in each case is 1.99. 
Table 4.5 
Scheffe Test comparisons between pairs of laboratory downwearing rates at different intertidal elevatior 
(* signifies that differences are significant at the 0.05 level). 
Salt 
Water 
Fresh Water 
Sandstone 
Tidal level 
com| 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
parison 
HT2 
HT3 
HT3 
MT 
LHT 
LHT 
LT2 
LT3 
LT3 
HT2 
HT3 
HT3 
MT 
LHT 
LHT 
LT2 
LT3 
LT3 
Sign. 
diff. 
* 
* 
* 
* 
* 
* 
Basalt 
Tidal level Sign 
com 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
iparison diff 
HT2 
HT3 
HT3 
MT 
LHT 
LHT 
LT2 
LT3 
LT3 
HT2 
HT3 
HT3 * 
MT 
LHT * 
LHT * 
LT2 
LT3 
LT3 
Argillite 
i. Tidal level Sign 
com] 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
HT1 
HT1 
HT2 
HLT 
HLT 
MT 
LT1 
LT1 
LT2 
parison diff.. 
HT2 
HT3 
HT3 
MT 
LHT 
LHT 
LT2 
LT3 
LT3 
HT2 
HT3 
HT3 
MT 
LHT 
LHT 
LT2 * 
LT3 
LT3 * 
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In the field, the surface at about 18 % of the TMEM stations was higher during the last 
measurement period in July, 2009, than it was when the stations were first installed. Most 
surface elevation (swelling] occurred in the argillaceous rocks at Mont Louis, where more than 
half the stations were affected, and at Brander where elevation occurred at about 40 % of the 
stations (Figures 4.5, 4.6, and 4.7). Surface elevation is a fairly common occurrence on shore 
platforms where it has been attributed generally to wetting and drying and salt crystallization, 
although apparent occurrences can also result from operator error (Kirk, 1977; Mottershead, 
1989; Stephenson and Kirk, 2001; Taylor, 2003; Stephenson et al, 2004; Stephenson and 
Thornton, 2005; Foote et al, 2006; Trenhaile, 2006; Trenhaile et al, 2006; Gomez-Pujol, et al, 
2007; Porter and Trenhaile, 2007; Porter et al, 2010 a,b; Stephenson and Finlayson, 2009). 
Surface elevation can persist for periods ranging from hours to years, but as platform surfaces 
can only be lowered over the long-term, it is a temporary condition and for this reason, swelling 
events were excluded when calculating mean downwearing rates. 
The fastest mean downwearing rates were recorded in the coarse-grained, porous 
sandstones at Burntcoat Head and East Point, and the slowest in the argillaceous rocks at Mont 
Louis (Table 4.6). This is consistent with the mean increase in weight from the absorption of 
water under vacuum saturation, which was 9.22 % in the sandstones, 3.36 % in the basalts and 
0.29 % in the argillaceous rocks, and consequently with the ability of the rocks to absorb water 
(Kanyaya and Trenhaile, 2005). Mean rates of surface downwearing in the central and upper 
intertidal zone at Burntcoat Head were broadly similar to sandstone downwearing rates in the 
experiments. Laboratory and field downwearing rates were also similar from the mid-tidal level 
to the LHT level in the basalts of Scots Bay, but rates were much faster in the field than in the 
laboratory in the upper intertidal zone. Conversely, at Mont Louis, where the entire platform is 
in within the upper intertidal zone, rates of downwearing in the field were much slower than in 
the experiments (Tables 4.3 and 4.4). 
Shore platforms extend all the way from the lower into the upper intertidal zone only in 
the Bay of Fundy. Downwearing rates tended to increase with elevation in the Bay. The fastest 
rates were above the LHT level at Salmon River, Scots Bay, and Bramber, and rates were 
essentially the same in the upper and central intertidal zone at Burntcoat Head (Table 4.6). 
There were only very low and statistically insignificant correlations in the central 
intertidal zone between mean downwearing rates and elevation at Salmon River (r = 0.24), Scots 
Bay (r = 0.13), Bramber (r = 0.17) and Burntcoat Head (r = 0.23). Nevertheless, the laboratory 
data did not suggest that downwearing rates increase linearly between the LHT and HLT levels, 
but rather that rates are faster at the LHT level than at the mid-tide and HLT tide levels (Tables 
4.3 and 4.5). In contrast to the experimental data, which are only from the LHT, mid-tide, and 
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Figure 4.6: Shore platform profiles and downwearing rates in the Minas Basin in the eastern Bay of Fundy. Each 
station is identified by a number or letter and the downwearing rate (mm yr1) is shown with a scaled bar and 
with the boxed value (darker columns and italicized values are used for swelling events). LHT and HLT are the 
lowest high tidal level and highest low tidal level, respectively. A few older, discontinued stations at Burntcoat 
Head are not shown. The profiles from Burntcoat Head are from Porter et al. (2010a). 
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HLT levels, the field data were obtained from TMEM stations distributed throughout the central 
intertidal zone (Figure 4.8). With the exception of Scots Bay, mean downwearing rates in the Bay 
of Fundy were faster in the upper one-third than in the lower two-thirds of the central intertidal 
zone (Table 4.7). Because the number of TMEM stations in each elevational category was low, 
however, the means were sensitive to a few, particularly high values, and the Mann-Whitney-
Wilcoxon rank-sum test showed that differences between the upper and lower to middle 
portions of the central intertidal zone in the Bay of Fundy were not significant. 
Mean downwearing rates were high (> 1 mm yr1) in the upper intertidal zone, above 
the LHT level, with the exception of Mont Louis (Table 4.6). The data were generally positively 
skewed, however, reflecting the occurrence of faster downwearing at a smaller number of TMEM 
stations and slower downwearing at a greater number of stations. Downwearing rates tended to 
increase with elevation in the upper intertidal zone, although the relationships were generally 
low (r = 0.29, 0.84, 0.14, 0.06, and 0.02 at Scots Bay, Bramber, Burntcoat Head, Mont Louis, and 
East Point, respectively) and, with a fairly small number of TMEM stations, they were 
statistically insignificant (Figure 4.8). 
Because there was little variation in elevation on the subhorizontal platform at Mont 
Louis, and on the structural ledges at East Point, correlations were run to determine whether 
there was any relationship between downwearing rates and distance from their abrupt seaward 
termini. Although distance from the seaward edge controls the amount of wave splash reaching 
the platform surface, the effect on wetting and drying cycles is likely to be limited to a fairly 
narrow zone. Most of the wide platform at Mont Louis is not affected by wave splash on the low 
tide cliff and there was no relationship (r = 0.12) between downwearing rates and distance from 
the seaward edge in this area. At East Point, downwearing rates generally decreased with 
increasing distance from the seaward edge of the narrow structural ledges (r = 0.34) but the 
number of stations was fairly low and the relationship was not statistically significant. 
Apart from Arisaig, there were few TMEM stations below the HLT level and it was 
difficult therefore to compare the available field data with the experimental data, or with 
measured downwearing rates in the higher parts of the intertidal zone. Downwearing was 
slower at three stations at Salmon River and at three stations at Burntcoat Head than in the 
central or upper intertidal zone. Rates were fairly high at Arisaig (mean almost 1 mm yr ' ) , 
where almost all the stations were within the lower intertidal zone, but although they tended to 
decrease with decreasing elevation (r = 0.48), the relationship was not statistically significant. 
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Table 4 .6 
Summary statistics for mean TMEM downwearing rates (mm y r 1 ) in eas tern Canada1 
(with swelling sites eliminated). 
Area 
Salmon River 
Scots Bay 
Bramber 
Burntcoat Head 
Mont Louis 
East Point 
Arisaig 
Elevation 
All stations 
Above LHT 
LHT to HLT 
Below HLT 
All stations 
Above LHT 
LHT to HLT 
All stations 
Above LHT 
LHT to HLT 
All stations 
Above LHT 
LHT to HLT 
Below HLT 
All stations 
Above LHT 
All stations 
Above LHT 
All stations 
Below HLT 
No. 
18 
4 
11 
3 
50 
35 
15 
14 
6 
8 
55 
28 
24 
3 
15 
15 
18 
18 
14 
13 
Mean 
0.86 
2.29 
0.70 
0.21 
0.69 
0.90 
0.20 
0.69 
1.52 
0.06 
1.22 
1.27 
1.24 
0.5 
0.24 
0.24 
1.60 
1.60 
1.06 
0.97 
Median 
0.38 
0.45 
0.41 
0.76 
0.11 
0.10 
0.04 
0.54 
0.45 
0.89 
0.05 
0.05 
0.30 
0.30 
0.30 
0.29 
a 
1.07 
0.56 
0.91 
1.01 
0.18 
1.58 
0.06 
1.88 
2.36 
1.30 
0.45 
0.45 
3.04 
3.04 
1.47 
1.49 
Max. 
3.91 
3.91 
1.63 
0.47 
5.54 
5.54 
0.67 
9.61 
5.81 
0.16 
12.08 
12.08 
6.26 
0.74 
1.57 
1.57 
11.03 
11.03 
4.79 
4.79 
Min. 
0.01 
0.014 
0.12 
0.09 
0.03 
0.15 
0.03 
0 
0.06 
0 
0.05 
0.05 
0.07 
0.27 
0 
0 
0.15 
0.15 
0.01 
0.01 
No., max, min., and a refer to the n 
minimum, and standard deviation 
The median and standard deviatio 
umber of stations, and the maximum, 
of the downwearing values, respectively. 
n were not calculated for very low station numbers. 
Table 4.7 
Mean downwearing rates (mm yr1) in the upper and 
lower portions of the central intertidal zone (LHT to HLT levels). 
Area Upper 1/3 rd Lower 2/3 rds 
Salmon River 
Scots Bay 
Bramber 
Burntcoat Head 
3.72 (2) 
0.17(8) 
1.31 (7) 
1.65 (10) 
2.71 (9) 
0.26 (6) 
0.06 (7) 
0.95 (14) 
The number in parentheses refers to the number of stations in each category. 
Table 4.8 
Correlations between rock hardness and mean TMEM 
downwearing rates and station elevation. 
Area 
Downwearing and 
rock hardness 
Rock hardness and 
elevation 
Salmon River 
Scots Bay 
Bramber 
Burntcoat Head 
Mont Louis 
East Point 
Arisaig 
All areas combined 
0.41 
0.45' 
0.04 
0.15 
v 0.43 
-0.25 
0.51* 
0.22" 
0.12 
0.57* 
0.29 
0.40* 
0.61* 
0.44 
0.28 
0.27* 
•Significant at the p: 0.05 level. 
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There was a general tendency for mean downwearing rates to increase with rock 
hardness, as represented by the Schmidt Rock Test Hammer rebound values, and these 
relationships were statistically significant at Scots Bay and Arisaig (Figure 4.9; Table 4.8). 
Although the relationship between rock hardness and the rate of downwearing over the entire 
intertidal zone was not significant at Burntcoat Head, there was a significant correlation (r = 
0.41) between these variables within the central intertidal zone, between the LHT and HLT 
levels. When all the data from the seven study areas were combined, there was a significant 
correlation between the two variables, with downwearing rates increasing with increasing rock 
hardness (Table 4.8). There were also significant and moderately strong relationships between 
rock hardness and elevation at Scots Bay, Burntcoat Head, and Mont Louis, and a significant 
although low correlation between these variables when the data from all seven study areas were 
combined (Table 4.8) 
4.4 Discussion 
The laboratory experiments suggested that rates of surface downwearing by some weathering 
processes (with debris removal) vary according to the elevation of the site, and consequently to 
the duration of the tidal immersion and exposure intervals. It has been shown that whereas the 
sandstones, basalts, and argillites of eastern Canada require only one to one and a half hours 
immersion to attain their maximum water content, they dry very slowly and may typically retain 
from one-half to one-third of this water after 11 hours of exposure (Trenhaile and Mercan, 1984; 
Kanyaya and Trenhaile, 2005). This suggests that rock expansion and contraction resulting from 
tidal wetting and drying is most effective in the higher parts of the central intertidal zone 
because of fairly long periods of exposure; this effect may be increasingly offset above the LHT 
level by less frequent periods of immersion. Conversely, drying periods in the upper intertidal 
zone, which can range from days to weeks, may promote salt crystallization, and possibly other 
salt and chemical weathering processes, although their efficacy may also decline towards the 
highest parts of the intertidal zone owing to an infrequent supply of salt water. 
The relationship between downwearing rates and elevation is more complex in the field 
than in the experiments. Rates on the sloping shore platforms in the Bay of Fundy tend to be 
fastest in the upper intertidal zone and there is evidence to suggest that they may decrease 
within the central portion of the intertidal zone, reaching a minimum in the lower intertidal zone 
(Figure 4.8). Direct relationships between rock hardness and elevation, and in most areas 
between downwearing rates and rock hardness, suggest that surface lowering is fastest on 
harder rocks in the higher, landward portions of platform surfaces (Figure 4.9; Table 4.8). As 
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there were no consistent changes in the types of rock from the cliff to the seaward edge of the 
platforms, this relationship could result from less weathering near the cliff foot than in the lower 
areas of the platforms, which would not be consistent with the experimental data, or faster 
removal of the weathered surface material in the upper portions of the platforms. 
There are several mechanisms, besides those represented in the experiments, that may 
help to account for faster downwearing in the higher than in the lower parts of the intertidal 
zone, through direct erosion of the rock surface as well as through the removal of weathered 
material. At Bramber, Burntcoat Head, and East Point, TMEM stations in the upper intertidal 
zone were damaged by the dislodgement of large rock fragments, by forces capable of bending 
steel studs (8 mm in diameter and 64 mm in length), and at Scots Bay, an entire station (F4) was 
lost through the removal of a large joint block (Figure 4.10). Wave quarrying is probably most 
effective in the upper intertidal zone because of lower rates of wave attenuation owing to 
concave platform profiles in some places and low tidal flats in others, and elevated water 
surfaces generated by strong onshore winds during storms (Trenhaile and Kanyaya, 2007). 
Transverse micro-erosion meters generally record erosion by granular disintegration and small 
scale surface spalling rather than by quarrying, however, and the most important contribution of 
mechanical wave erosion to TMEM-measured downwearing may be grain dislodgement and 
removal by high, wave-generated shear stresses on the bottom. 
Figure 4.10: The damaged TMEM station (Sri) at Bramber. Lowering of the surface through the removal of a 
large rock fragment (quarrying) exposed the tops of the two studs furthest from the camera, and bent the one 
closest to the camera. 
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In northwestern Spain, rock hardness is greater in areas that experience abrasion than 
in areas where tidally induced weathering is dominant, presumably because abrasion removes 
weathered surface material, thereby exposing the stronger, unweathered rock below (Blanco-
Chao et a\., 2007). In eastern Canada, downwearing tends to be fastest on harder rocks (Table 
VIII), but although this might be attributed to the effect of abrasion in removing weathered 
material at Salmon River and Arisaig, where there are smooth rock surfaces and abundant 
abrasives, other processes must be generally responsible for the removal of weak, weathered 
surface material in most of the study areas, where there is little abrasive material. 
The role of frost and ice must also be considered in eastern Canada and other cold 
regions (Trenhaile, 1983, 1987, 1997; Allard and Tremblay, 1983; Hansom, 1983; Dionne and 
Brodeur, 1988). From an investigation in the laboratory and in the field, Trenhaile and Rudakas 
(1981) concluded that frost operated effectively on the shore platforms of Gaspe, Quebec, 
particularly in the lower portions of the cliff and on the platform in the upper intertidal zone. 
Trenhaile and Mercan's (1984) laboratory and field data from Gaspe and the Bay of Fundy 
suggested that saturation levels in sea water may be too low for effective frost action in the 
higher portions of the intertidal zone, although critical levels (greater than 91%) can be attained 
through the supply of fresh water from melting snow, the melting ice-foot, rain, and 
groundwater seepage from the cliff. Furthermore, the ice-foot may provide a thermal barrier to 
sporadic warming by tidal water, facilitating deep frost penetration (Fournier and Allard, 1992). 
Robinson and Jerwood (1987a,b) also found, through field observation and laboratory 
simulations, that frost cracking and surface spalling of Chalk platforms in southern England is 
most effective in the upper intertidal zone rather than in the lower zone which has only limited 
exposure to freezing temperatures. Drift ice can remove loose rock debris, and grooves and 
striations can be cut into shore platforms by rock fragments frozen into the base of the ice 
(Allard and Tremblay, 1983; Hansom, 1983; Dionne, 1985; Hansom and Kirk, 1989), and ice 
abrasion and quarrying are effective on the weak shale and slate platforms along the upper St. 
Lawrence (Dionne and Brodeur, 1988; Dionne, 1983). The relationship between elevation and 
ice erosion efficacy is unclear, however, although the greatest erosion, by waves and ice, in 
Ungava Bay, Canada, corresponds to the tidal duration maximum at the mean neap high water 
level (Fournier and Allard, 1992). 
In contrast to the mechanisms previously discussed, bioerosion is generally considered 
to be most effective in the subtidal and lower intertidal zone, particularly on calcareous rocks in 
the Tropics (Trudgill, 1976; Trenhaile, 1987; Spencer, 1988; Spencer and Viles, 2002). The 
climate and rock types in eastern Canada are not conducive to rapid bioerosion. Apart from a 
variety of marine organisms in rock pools in some places (Burntcoat Head, Mont Louis) and 
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some grazing gastropods and barnacles near the low tidal level, there are few bioerosional 
organisms visible on the platforms and little evidence, in the form of boreholes or surface 
etchings, to suggest that they play an important role in this area. Nevertheless, the effect of 
bioerosional processes associated with the occurrence of biofilms on and below the rock surface 
remains to be determined. 
Whereas the experiments suggested that there are elevational variations in the efficacy 
of some weathering processes, the relationship is masked in the field by the combined effects of 
a much wider range of mechanisms. Furthermore, even if only one or two mechanisms were 
dominant on a platform surface, zonal downwearing patterns would be obscured or eliminated 
by spatial variations in the chemical and physical characteristics of the rocks. A comparison 
between downwearing rates in the experiments and in the same rocks in the field provides some 
indication of the possible significance of these other factors (Tables 4.3 and 4.6). The similarity 
between laboratory and field data for the sandstones at Burntcoat Head in the upper and central 
portions of the intertidal zone, suggests that the weathering processes that operated in the 
laboratory can account for most of the downwearing that occurred in the field. Downwearing 
rates in the laboratory and field are similar also in the central portion of the intertidal zone for 
the basalts at Scots Bay, but the rates in the upper intertidal zone are much faster in the field 
than in the laboratory. Because the laboratory data indicate that downwearing is quite fast in 
basalts that are wetted and then exposed for fairly long periods in fresh water (Table 4.3), 
downwearing in the upper intertidal zone at Scots Bay may be due largely to heavy rainfall 
(mean about 1200 mm yr ' at Scots Bay) and condensation from dense, morning sea fogs. Rates 
of downwearing for the argillaceous rocks on the upper intertidal shore platform at Mont Louis 
are faster, for approximately the same elevations, than in the sea water experiments. This has 
been attributed to weaker rocks having been selected for the experiments than the harder 
outcrops on which most of the TMEMs were installed (Porter eta/., 2010b). 
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4.5 Conclusions 
The conclusions of this study for the shore platforms of eastern Canada are that: 
a) Tidally generated weathering and debris removal is an effective erosional mechanism, 
particularly, according to the laboratory experiments, at the elevation of the lowest high 
tides. 
b) There are no strong spatial variations in downwearing rates in the field, although there is a 
general tendency for rates to increase with elevation within the intertidal zone. 
c) The occurrence of maximum downwearing rates in the upper intertidal zone cannot be 
attributed to the tidally induced weathering processes that were simulated in the 
laboratory, and it may therefore reflect additional contributions by other mechanisms, 
including wave generated bottom shear stresses, abrasion, frost, and ice. 
d) Surface downwearing, at rates that are commonly between 0.5 and 2 mm yr1 over large 
portions of the platform surfaces, play an important direct role in the development of 
platform morphology and an indirect role in reducing rates of wave attenuation. 
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CHAPTER 5 
Conclusions and continuing and future research 
5.0 Summary of conclusions 
This thesis has reported on laboratory work to determine rates of surface downwearing on 
sandstones, basalts, and argillites by tidally induced wetting and drying, and salt and chemical 
weathering, and on intertidal downwearing on horizontal and sloping shore platforms in seven 
areas in eastern Canada. The study was not concerned with backwearing, primarily through the 
quarrying or dislodgement of joint blocks and other rock fragments by waves and possibly ice, 
or with the effect of weathering along joint planes in facilitating block removal. Whereas 
backwearing is accomplished by markedly episodic or catastrophic storm-generated events, 
downwearing is more uniform, occurring quasi-continuously by the grain by grain removal of 
material from rock surfaces; downwearing rates can therefore be measured with micro-erosion 
meters. 
Downwearing was measured on a much greater range of rock types in the field than in 
the laboratory, and it was the product of a much greater range of mechanisms including, in 
addition to those represented in the laboratory, the removal of surface grains by wave-
generated shear stresses on the bottom, wave abrasion, frost, grounded sea ice, and bioerosion. 
Although all field sites are characterized by a unique combination of site-specific factors, 
including the physical and chemical properties of the rock, wave and tidal regimes, and climate, 
downwearing rates in eastern Canada were generally between about 0.01 and 2 mm yr1, which 
is broadly consistent with the range of values reported from rock coasts in Europe, Australasia, 
and the Tropics. 
The laboratory experiments, which were conducted on only a few rock types under 
controlled conditions, suggested that variable periods of elevation-dependent exposure and 
immersion generate fairly strong spatial variations in downwearing rates in the central portion 
of the intertidal zone, approximately between the neap high and low tidal levels; related work 
suggests that rates are uniformly low at lower elevations, where the rocks experience long 
periods of immersion, and that they decrease with elevation at higher elevations, where the 
rocks experience long periods of exposure. There were no strong relationships between 
downwearing rates and intertidal elevation in the field, probably because of the effect of local 
variations in the lithological and structural characteristics of the rocks and the effect of other 
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erosional agents, several of which are probably most effective in the uppermost portions of the 
intertidal zone, which can be exposed to the atmosphere for long periods. 
The study has shown that downwearing plays an important role in the long-term 
development of shore platform profiles. Downwearing may have reduced platform surfaces by a 
fraction of a metre up to a few metres since the sea reached its present level several thousand 
years ago. In addition to its direct role in lowering platform surfaces, downwearing also has an 
important secondary role in increasing the depth of the water thereby reducing rates of wave 
attenuation and promoting the continued wave quarrying of large rock fragments. Downwearing 
by weathering and other mechanisms and backwearing by waves and possibly by ice operate 
together on the sloping shore platforms of the Bay of Fundy, although the former is dominant 
where there are fairly smooth platform surfaces lacking upstanding scarps, and the latter where 
there are seaward-facing scarps or upstanding beds of rock which can be impacted by incoming 
waves. Conversely, the study suggests that the distinction between downwearing and 
backwearing is temporal rather than spatial on horizontal platforms, not only in Canada but over 
much of the Southern Hemisphere. These platforms are thought to have been cut primarily as 
rugged, sloping surfaces by waves during a period of higher sea level in the Holocene and 
subsequently lowered, mainly by weathering, as the sea fell to its present elevation. 
The data and relationships discussed in this thesis provide some indication of the likely 
effect of climate change on the shore platforms of eastern Canada. In the Bay of Fundy, where the 
platforms are sloping, higher sea level will, because of the relationship between breaker depth 
and breaker height (hb = 1.28Ht>, where hb and Hb are breaker depth and height, respectively), 
result in breaker zones migrating shorewards and, because of narrower surf zones, more wave 
energy reaching the base of the cliff, particularly if higher sea level is accompanied by increased 
storminess. Higher rates of cliff retreat over this century will eventually be countered, however, 
by slower downwearing in the deeper water and consequently, as the cliff retreats landwards, 
higher rates of wave attenuation. In Gaspe and other low tidal range environments, large waves 
break over the abrupt seaward edge of the horizontal shore platforms [the low tide cliff). Higher 
sea level will allow larger, unbroken waves to cross the platform and, if the runup is high 
enough, or the beach slope low enough, to attack and in some places rejuvenate, the backing cliff. 
Downwearing rates, however, will decline in deeper water. 
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The following section discusses, more specifically, how the conclusions of this research relate 
directly to the hypotheses that were proposed. 
Chapter 2: "Shore platform downwearing in eastern Canada: Micro-tidal Gaspe, Quebec" 
Hypotheses: a) Weathering plays an important, and possibly dominant, role today on the 
subhorizontal shore platform at Mont Louis, on the southern shore of the St 
Lawrence Estuary. 
b) Weathering rates are high enough to account for the lowering, to its present 
elevation, of a wave-cut platform formed during a period of higher relative sea 
level in the Holocene. 
Recent work has shown that wave erosion and weathering are important on the horizontal shore 
platforms of eastern Canada, although their absolute and relative importance varies across 
platform surfaces and has likely changed though time. Although surface downwearing rates 
obtained from the laboratory experiments were quite high in the upper intertidal zone, the rates 
generated from weathering alone are much too low to produce platforms observed in the field in 
the 4,000 years since the sea has been at its present level (Dionne, 2001; Amos, 2004) or, if the 
platforms were inherited, over the total 10,000 to 20,000 years of several interglacial stages. 
Furthermore, recent modeling by Trenhaile and Porter (2007) and Trenhaile (2008) 
demonstrated that downwearing by weathering and debris removal, acting alone, cannot 
produce shore platforms with gradients, widths, and profiles that are similar to those in the field. 
Backwearing (erosion on the horizontal plane) by waves is more rapid than downwearing in 
most coastal environments (Trenhaile, 2008), but waves become increasingly ineffective as 
platforms become wider and more gently sloping and with the removal of scarps and irregular, 
upstanding rock formations. Therefore, it is likely that rates of wave erosion are much lower 
today than they were in the past. Modeling suggests that the microtidal platforms of Gaspe were 
cut initially by waves, possibly as sloping surfaces, when the sea was above its present elevation 
during the Holocene, and then lowered to their present elevation as the sea fell to today's level 
(Trenhaile, 2008). These platforms probably developed quickly when sea levels were higher, but 
as the sea fell, their development became progressively slower under an increasingly 
weathering and debris removal regime (Trenhaile, 2010). 
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Chapter 3: "Shore platform downwearing in eastern Canada: The mega-tidal Bay of Fundy" 
Hypotheses: a) Downwearing rates increase with elevation within the upper intertidal zone up to 
an optimum elevation, based on the frequency of wetting by tides, spray or splash, 
and the corresponding length of the period of exposure and drying. Rates then 
decline with increasing elevation above the optimum level. 
b) Rates of downwearing vary with the physical and chemical characteristics of the 
rocks in the Bay of Fundy, but are independent of the tidal range. 
Large differences in downwearing rates in the salt and fresh water experiments suggest that salt 
or possibly chemical weathering is much more important than wetting and drying in the upper 
intertidal zone. In the upper intertidal zone, above the LHT (lowest high tide) level, 
downwearing rates in the sandstones, and to a lesser extent in the basalts, were much higher in 
salt water than in fresh water, which suggests that the long exposure periods at these elevations 
promote salt crystallization and other salt weathering processes, and possibly chemical 
weathering. The experimental data also suggest that the rate of downwearing is related, in part, 
to elevation, as rates generally decrease with elevation and with decreasing wetting frequency 
above the LHT level. There are differences, however, in the nature and strength of this 
relationship in the laboratory experiments between the two sampled rock types (sandstone and 
basalt) from the Bay of Fundy, and also with the argillites from Gaspe. These differences 
probably reflect differences in the physical and chemical properties of the rocks, including void 
size and number, and the effect of these differences on the weathering processes. 
In the field, transverse micro-erosion meter (TMEM) measured downwearing rates on 
the sloping shore platforms of the Bay of Fundy tend to be higher in the upper than in the lower 
intertidal zone. It is difficult, however, to draw conclusions from the limited number of stations 
installed in the lower intertidal zone. There is some limited, although not statistically significant, 
evidence to suggest that rates may decrease within the central portion of the intertidal zone 
(Trenhaile et al., 2006; Porter et al., 2010, ab) and attain a minimum in the lower intertidal zone. 
Positive, albeit statistically insignificant, correlations between elevation and downwearing at 
most of the study sites may also suggest that downwearing rates increase with elevation in the 
upper intertidal zone. This is contrary to the laboratory data for Scots Bay, which showed 
downwearing rates decreasing with increasing elevation above the LHT. Conversely, the field 
data at Burntcoat Head support the experimental results, which suggested that downwearing 
rates decrease with increasing elevation above the LHT. 
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Chapter 4: "Patterns of surface downwearing on shore platforms in eastern Canada" 
Hypothesis: Downwearing rates will increase up to an optimum elevation near the high tidal level, 
although this spatial pattern will vary in nature and in prominence according to the 
rock type and the effects of wave erosion and other erosional mechanisms. 
The laboratory data indicate that rates of downwearing by processes that probably 
include wetting and drying and salt and chemical weathering tend to increase from the highest 
low tidal level (HLT) to the lowest high tidal level, and then decrease at higher elevations. They 
also suggest that these processes, accompanied by debris removal, can account for much of the 
downwearing that is presently occurring on the shore platforms of eastern Canada. The 
relationship between downwearing rates and elevation is more complex in the field, however, 
than in the experiments. This is because downwearing in the field is the product not only of the 
processes simulated in the experiments, but also of the additional contributions made by other 
erosive mechanisms, including wave quarrying, abrasion, frost, and ice. 
5.1 Future and continuing work 
The present study focused in the laboratory experiments on rates of downwearing by 
weathering processes triggered by tidally induced wetting and drying by seawater in the 
intertidal zone, and in the field on rates of surface downwearing by weathering and other 
mechanisms. Future research will center on the role of freeze/thaw, chemical weathering and 
abrasion on shore platforms, using new techniques and unique laboratory equipment. 
5.2 Abrasion 
Mechanical wave erosion is the primary agent in high energy environments, and even in 
sheltered locations and in low energy environments waves play an important role in removing 
weathered material. In addition to debris removal and the quarrying of joint blocks and other 
rock fragments by water hammer and the compression of air trapped along joints, bedding 
planes and rock laminations (Trenhaile and Kanyaya, 2007), erosion occurs through abrasion 
where there are mobile accumulations of suitable material (Blanco-Chao et al. 2007]. 
Abrasion is the scouring action caused by material held in suspension or dragged, rolled 
or swept across a rock surface by wave-generated currents. Most of the erosion caused by 
abrasion occurs when material is entrained by waves and propelled against or over a rock 
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surface. Robinson (1977a) observed that erosion at the base of a cliff in northeastern England is 
10 to 15 times higher in the presence of a beach. Abrasion is only effective when the material is 
fairly thin and mobile - thick, immobile material serves to protect the underlying rock 
(Trenhaile, 1997). Abrasion can produce smooth or polished surfaces on many types of rock. It 
can also undercut scarps (with vigorous wave action) at the base of cliffs, and form long linear 
grooves along joints, often aligned nearly perpendicular to the shoreline. In some cases, potholes 
can be created by the swirling action of trapped material in surf zones (Fig. 5.1). 
Although about 75% of the world's coasts are rocky, they provide an environment that is 
generally unsuited for sediment accumulation. Depending on the characteristics of the material, 
rocks may break down into clays or fine particles, which are transported offshore, or they may 
break-down too slowly to allow any significant build up of material (Trenhaile, 2004). Therefore, 
shore platform surfaces often consist of exposures of bare rock with limited strips of sand and 
gravel located at the base of the cliff or in small pockets trapped in depressions or confined 
against rock scarps. Even where there is beach material on the platform, abrasion is restricted to 
the thin and mobile seaward edge, which is moved to and fro by the waves (Robinson, 1977a,b; 
Trenhaile, 2005; Blanco-Chao etal., 2007). 
Not all platforms are subjected to abrasion, yet, where it occurs it can be very rapid. 
Robinson (1977b) reported that sand and gravel abrasion is lowering a shale platform in 
northeastern England by 2 to 3 cm yr1. Abrasion is lowering Chalk platforms in southeastern 
England and northwestern France by 3.7 to 7.6 cm yr-1 (Foote et al, 2006). In Galicia, 
northwestern Spain, the granite platform is being lowered by abrasion at rates of between 0.13 
to 1.8 mm yr1 in channels with pebbles and small cobbles. 
Many of the weathering and erosional processes that take place on shore platforms are 
continuous and widespread across the entire surface. Abrasion, however, is limited to places 
where there is suitably mobile abrasive material, especially at the leading edge of pebble or sand 
beaches at the cliff foot. Nevertheless, given that the zone of abrasion migrates up platform 
surfaces through time, in accordance with cliff retreat, and that rates of abrasion are at least one 
or two orders of magnitude greater than downwearing rates attributable to wetting and drying 
and salt weathering, abrasion may make an important contribution to the long-term 
development of some platform surfaces (Blanco-Chao etal. 2007). 
90 
Figure 5.1: Examples of abrasional features: a) polished ramp from rolling rocks up the cliff foot; b) notch 
formed by abrasion, aided by vigorous wave action; c) abrasion groves; and, d) potholes. 
New equipment has been designed to study swash abrasion in the laboratory. The 
apparatus consists of an oscillating top carriage, composed of durable, transparent plastic, 
containing five chambers, driven by a powerful electric motor; the amplitude and velocity of the 
carriage is adjustable (Fig. 5.2a). As the chambers oscillate, sorted abrasive material of known 
size, type and quantity, move in water over thin, flat slabs of rock set into the base of the 
chambers. The rock samples that are presently being used include commercial slate and granite 
tiles, and sandstones that were cut professionally to specific dimensions. The rocks are kept in 
place in the chambers by tight tolerances between the rock and a plastic composite; the mating 
pieces can be easily disassembled for sample replacement (Fig. 5.2b). Sample restraints are 
composed of a hard plastic composite, machined precisely to allow the surface of the rock 
sample to sit flush. In some circumstances, restraints will be made out of wood, owing to 
variations in the thickness of the rock sample. Micro-erosion meter stations were installed in the 
slabs and a TMEM is used to measure their precise surface topography at the beginning of the 
experiments and at regular intervals as the surfaces are abraded. Experimental variables include 
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the hardness of the rock and the abrasives, oscillation amplitude and velocity, and the size, shape 
and amount of the abrasives (ranging from sand to gravel). 
Figure 5.2: Equipment designed to study the effects of abrasion in the swash zone; a) the abrasion apparatus; b) 
TMEM mounted on a granite tile, held in place by a composite restraint. 
The abrasive materials used in the preliminary experiments are mainly composed of 
quartz (65 to 70%) and feldspar, which was verified through optical microscopic analysis. The 
percentage of quartz was determined by counting each grain in several samples. The shape of 
the abrasives was determined by comparison with known shape templates (Powers, 1953). 
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5.3 Intertidal Frost Action 
Frost action can be an important erosive mechanism on coasts in mid- to high latitudes 
(Trenhaile 1983, 1987, 1997). Rock breakdown is the result of various mechanisms associated 
with the expansion and contraction of water and the subsequent widening of capillaries and 
cracks in the rocks, as water changes from a liquid to a solid state. Frost can operate in two ways 
in the coastal zone, through slow changes in atmospheric temperature across the freezing point, 
and from rapid changes in temperate resulting from tidal ebb and flow (tidally induced frost 
action). 
Cold coasts provide particularly suitable conditions for frost action, including (Trenhaile, 1997): 
a) high levels of water saturation in coastal cliffs and shore platforms, through tidal 
inundation, wave spray, precipitation and snow melt; 
b) sea water, with a salinity that increases frost severity in some rock types; and 
c) frequent and rapid changes in temperature in the intertidal zone. 
Tidally induced frost action occurs in the intertidal zone when the temperature of the 
water is a little above freezing and the temperature of the air is a little below freezing. Frozen 
rock in the intertidal zone is quickly thawed as it is covered by the rising tide, and rapidly frozen 
as it is exposed by the falling tide. Intertidal rocks experience a freeze-thaw cycle every twelve 
hours in semi-diurnal tidal environments, which is far more frequent than in areas further 
inland, which are dependent upon slow changes in the temperature of the air. Frost action can 
be effective, however, only if the rocks attain high levels of saturation (Trenhaile and Mercan, 
1984). Frost is important in well jointed materials and in rocks that are highly porous, such as 
sandstones and other sedimentary rocks, which are much more susceptible to freeze/thaw 
process than granites and basalts (Trenhaile, 1997). 
The role of frost in shore platform development has been a controversial issue for 
decades. It has been proposed that frost played an important role in the formation of platforms 
in Norway, and in sheltered areas of western Scotland (Anderson 1968; Dawson 1980). 
Moreover, it has been observed that frost action is active and effective along the shores of the St. 
Lawrence and Hudson's Bay (Allard and Trembley, 1983; Dionne and Brodeur, 1988). A long-
term study of the effect of tidally induced frost action on concrete coastal installations has been 
conducted by the US Army Corps of Engineers at Treat Island, Maine. Even in temperate 
southern England, frost was responsible for damaging Chalk shore platforms during an 
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especially severe winter (Williams and Robinson 1981). In the landward portions of the 
platforms the surface was exposed to freezing air temperatures for greater periods of time than 
the lower sections, and there was pronounced cracking and surface spalling. As the falling tide 
exposed the platform surface, at least 5 to 6 hours was required to reduce the temperature to the 
freezing point of sea water and to disperse latent heat, before frost action could occur. Lower 
portions on the platform may not have experienced widespread freezing due to the limited 
exposure time; but there have been few attempts to assess its effect on rock coasts. An 
investigation by Robinson and Jerwood, (1987a,b) simulated tidally induced frost action in the 
laboratory, using data obtained from the field. These experiments demonstrated that frost 
weathering can be a major contributor to platform development. 
To simulate tidal frost cycles in the laboratory, a modified tidal simulator (Porter et al, 
2010 a,b) was placed in a 1 m3 chest freezer. A large water reservoir in a smaller chest freezer is 
used to maintain a water temperature above freezing. In previous wetting and drying and salt 
weathering experiments the tidal simulator used pumps and timers to transfer water back and 
fore between the simulator and the reservoir. In the modified tidal simulator, the principal 
remains the same but, owing to space restrictions and to ensure a constant air temperature in 
the freezer from thermal layering, the basins are side by side. This set up requires each basin to 
have its own pump and timer (Fig. 5.3). Thermostats have been installed to maintain water 
temperatures up to a few degrees above freezing in each basin. An additional, smaller pump was 
installed in each basin to circulate the water. These secondary pumps are continuously 
operating to prevent water and the main pumps from freezing. The heat generated by these 
pumps assists in maintaining a constant water temperature in each basin. 
A data logger and thermocouples are used to measure and record air, water, and rock 
temperatures. The thermocouples were threaded into holes, drilled into representative rock 
samples. These holes are of variable depth and of a diameter that is just sufficient to encase the 
sensors. Fine powder from the same samples was used to fill any gaps between the 
thermocouples and the walls and tops of the holes. Finally, a thin silicone layer was applied on 
the rock surface and sensor to prevent any movement. 
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Figure 5.3: Tidally induced frost action; A) the laboratory schematic; B) laboratory freeze thaw experiment; C) 
internal view. 
The rock samples are the same size as in the previous weathering experiments (Trenhaile 
et al, 2006; Porter et al, 2010a,b). The rock samples will be weighed each month and the loss in 
sample weight will be converted into equivalent surface downwearing rates based on density 
and surface area of each individual sample [Trenhaile etal, 2006; Porter etal, 2010b). 
95 
5.4 Mineralogical Techniques 
5.4.1 Chemical and Salt Weathering 
Chemical weathering is the result of a variety of chemical reactions working together 
(hydrolysis, oxidation, hydration, solution, etc), and it is considered to be the principal mode of 
weathering in hot, humid regions in the lower latitudes. In cold climates, chemical weathering 
rates are much slower and they are further reduced by the lack of available water for chemical 
reactions to occur (Trenhaile, 1987). The efficacy of chemical reactions on rock surfaces is 
determined by the availability of moisture and rock characteristics (texture, permeability, 
porosity, etc). Although it is more difficult to rank the susceptibilities of rocks to weathering than 
it is for minerals, in general, igneous rocks are less susceptible to chemical weathering 
(depending on the mineralogy) than sedimentary rocks. Some carbonate minerals are quite 
soluble at surface temperatures and pressures and weather effortlessly, whereas rocks 
containing quartz are practically inert under most climatic conditions (Hamblin and 
Christiansen, 2001). 
In many coastal environments, the physical, salt and chemical weathering processes 
often work together and operate effectively when exposed to frequent wetting and drying cycles 
(Davies, 1996). Distinguishable evidence of chemical or salt weathering is not always evident, 
however, in the field. Sea water can penetrate rock lattices or pore spaces, initiating chemical 
reactions or the growth of salt crystals, eventually causing the rock to separate or weaken until it 
can be removed by waves. Evidence of this phenomenon can be viewed as pitting or flaking on 
the surface of coastal rocks or around margins of rock pools in high- to supratidal zones (Davies, 
1996, Stephenson and Kirk, 2001,). 
Although the addition of salt into an aqueous or terrestrial environment over a period of 
time will cause the creation or breaking of bonds between minerals through a number of 
chemical reactions, the term 'salt weathering' is used for physical processes involving changes in 
volume, thermal expansion, and salt crystal growth owing to evaporation (Cooke and Smalley, 
1968). There have been many field and laboratory experiments on the efficacy of salt 
weathering, and of various types of salt, on different types of rock (Pedro, 1957; Kwand, 1970; 
Goudie et al, 1970, Goudie 1974, 1985; Williams and Robinson, 1981, 2001; Robinson and 
Williams, 1982), and there are numerous references to salt weathering in coastal environments, 
and its role in the development of shore platforms (Williams and Robinson, 1981, Mottershead, 
1982). Nevertheless, most assumptions on the nature of the formative processes have been 
based on ambiguous field observations and there has been little work conducted on the 
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processes involved in chemical weathering on rock coasts (Dana, 1849; Bartrum, 1916; Bartrum 
and Turner, 1928). 
The work described in this thesis has been concerned with rates and patterns of surface 
downwearing ad the responsible processes have had to be inferred from the erosional data. 
Work is now beginning, using a variety of techniques (optical mineralogy, electron microscope, 
chemical analysis and X-ray diffraction), to identify the responsible mechanisms. In 
collaboration with geochemical and mineralogical specialists I plan to develop a variety of 
experiments that will identify and distinguish the roles of chemical, physical and salt weathering 
on different types of rock. 
Preliminary experiments have begun using an electron microscope equipped with 
Energy Dispersive Spectroscopy (EDS), to identify the surface features and mineralogy of rock 
samples obtained from shore platforms in eastern Canada. The electron microscope uses highly 
energetic electrons to examine objects at a very fine scale. In addition, the EDS uses X-ray peaks 
that are generated when an electron beam interacts with the specimen to identify minerals. 
Both techniques (electron microscope and EDS) have been used to determine the 
capabilities and limitations of the equipment, and to provide a basic understanding of salt and 
chemical interactions on three rock types (argillite, sandstone and basalt). Cores and cubes from 
Mont Louis, Burntcoat Head and Scots Bay were subjected to intertidal conditions, at the low, 
mid- and high tidal levels, using the same tidal simulators as in previous experiments (Trenhaile, 
et al 2006, Porter, et al 2010ab). Before the rock samples were subjected to these tidal 
conditions, each one was etched on one surface with a diamond tipped pen to allow sequential 
imaging and EDS analysis to take place at the same location. This will allow accurate 
comparisons of surface structure and mineralogy to be made with the initial conditions before 
exposure. The EDS analysis was not performed on a specific mineral, but rather over a small area 
(10 mm2 area at 80x magnification), so as to encompass a wide range of minerals. 
5.4.2 Optical Mineralogy 
Eastern Canada, for its size, probably has the greatest variety of tidal environments in the world, 
and it is unusual in that it has both regionally dominant horizontal and sloping shore platforms 
composed of a wide variety rock types (Table 5.1). Many of the rocks in Nova Scotia, New 
Brunswick, Newfoundland, Prince Edward Island, and in the southern regions of Quebec have 
experienced numerous rifting, faulting and fusing events associated with the Paleozoic 
Appalachian orogen, or with continental collisions involving exotic terranes that attached 
themselves to the tectonic plate (Williams, 1995). The processes responsible for the origin of the 
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provinces, and subsequently the rock lithology of shore platforms in eastern Canada are 
therefore very complex. 
Table 5.1 
Rock description and composition of shore platforms in eastern Canada. 
Platform Geologic 
Period 
Formation Rock Description Composition* 
Mont Louis, QC Ordovician 
East Point, PEI Permian 
Arisaig, NS 
Burntcoat Head, 
NS 
Bramber, NS 
Silurian 
Triassic 
Scots Bay, NS Early Jurassic 
Salmon River, NS Cambrian 
Cloridorme 
Orby Head 
Beechhill Cove, 
Ross Brook, 
French River, 
McAdam, 
Moydart and 
Stonehouse 
Wolfville 
Carboniferous Horton Bluff 
North 
Mountain 
Goldenville 
Siltstone, mudstone, 
sandstone turbidites, inter-
bedded shale 
Fluvial sandstone, 
conglomerate, floodplain 
mudstone 
Subarial-shallow marine 
sitstone, mudstone, slate, 
phyllite 
Fluvial sandstone and 
conglomerate, aeolian 
sandstone 
Fluvial-lacustrine, sitstone, 
shale, sandstone 
tholeiitic plateau basalts 
Phyllite/Schist, 
interbedded silitstones 
Quartz, carbonate, clay 
content 
Quartz, feldspar, lithic 
fragments, muscovite 
Matrix- chalcedony, iron 
oxides and clays 
Muscovite, chlorite, quartz 
clay minerals 
Quartz, feldspar, iron 
oxides chalcedony 
Quartz, muscovite, clays, 
organics, pyrite 
Plagioclase, pyroxene, 
iron oxides, chlorite, 
hematite and zeolites 
Quartz, feldspar, mica, 
pyrite, chlorite 
The petrographic microscope provides a means of studying minerals and their optical 
properties using polarized light. These properties (refractive index, extinction angle, 
interference of light, cleavage planes, shapes of the grains, relief patterns, color) can provide 
prompt identification of a mineral, and can often provide clues to the evolution and origin of the 
rock (Nesse, 2000). 
Thin sections (26 x 46mm) were obtained from representative rock samples from shore 
platforms in eastern Canada (Fig. 5.4). Each thin section was analyzed by Dr. Iain Samson at the 
University of Windsor to determine its mineral characteristics (mineral type and amount, shape, 
porosity, etc). These characteristics will assist in explaining why some rocks on the same 
platform are more susceptible to some weathering processes than others. 
The platform at Mont Louis is composed of a series of complex series of siltstones and 
mudstones (argillite). Many samples were selected to represent the platform because of its 
complexity. The majority of the rocks are a mixture of quartz and carbonates with a low 
percentage clay content; in a number of samples, the laminae show signs of metamorphism. The 
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analysis also determined that some beds within the platform are very fine-grained, and contain a 
large percentage of clay minerals and carbonates. Evidence of former calcite intrusions can also 
be observed (Fig. 5.4A). These sequences are easily identified on the platform, as these rocks do 
not break along thin laminations (Fig 5.5A). 
Figure 5.4: Representative thin sections of rocks from shore platforms in eastern Canada; (a] fine- grained clay 
material, with calcite veins (Mont Louis); (b) porous sandstone, mainly composed of quartz (East Point, PEI); (c) 
mudstones and siltstones, laminations of quartz and calcite (Arisaig, NS); (d) angular clasts of quartz and feldspar 
(Burntcoat Head, NS); (e) porphyritic basalt (Scots Bay); (f) shale/slate, clays, organics, quartz and pyrite 
(Bramber, NS); (g) large quartz, feldspar and pyrite crystals (Salmon River, NS); and, (h) fine siltstone particles 
mainly composed of quartz and chlorite (Salmon River, NS). 
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Rocks from the Arisaig and Bramber platforms were once sediments at the bottom of 
ancient warm seas (Table 5.1). They are composed of siltstones, mudstones and sandstones, 
which contain many fossilized flora and fauna. The samples obtained from these two sites have 
distinctive laminations rich in organics and quartz with traces of muscovite (Fig. 5.4C, F). The 
presence of pyrite (FeS2) is particularly notable in the Bramber sample (Fig. 5.4F), although it is 
also found in rock samples at Mont Louis, Arisaig, and Salmon River. Pyrite is created in many 
reducing environments (Walther, 2005) and is common in many sedimentary rocks (especially 
siltstones and mudstones). 
It has been proposed that the red clastic sandstones at Burntcoat Head in the Bay of 
Fundy were deposited in alluvial fans, braided streams and eolian sand dunes (Klein, 1962). 
Mineralogical analysis showed that large angular clasts of quartz and alkali feldspar are the 
principal minerals. The feldspar is characterized as being very "fresh", so it is a fairly immature 
sandstone that does not show any signs of advanced weathering. Approximately 10 percent of 
the sandstone consists of iron oxides, most likely to be hematite, which gives the rock its red 
colour (Fig. 5.4D) The cementing agent is mainly chalcedony, a variety of quartz, which is quite 
abundant. The sandstones at Burntcoat Head are not entirely homogeneous, and in some areas, 
the sandstones are much more resistant to weathering and waves (Fig. 5.5B). These harder 
sandstones all have similar clasts but contain a higher quartz and feldspar ratio, and most 
importantly, the matrix has changed to calcite which is dominant throughout the sample. 
The red sandstones at East Point also contain large amounts of angular quartz, and the 
only major difference between them and those at Burntcoat Head is the cementing agent 
between the minerals. The cementing agent is identified as being iron oxides, which is not 
continuous throughout the sample, suggesting that this sandstone is quite porous (Fig. 5.4B). 
The rocks at Scots Bay are part of the North Mountain Basalts, which were formed 
during a period of increased volcanic activity during the Early Jurassic. Mineralogical analysis 
showed that plagioclase and pyroxene are the most abundant minerals throughout the platform. 
Optical mineralogy has confirmed the presence of iron oxides, in addition to a highly weathered 
matrix, suggesting the basalt samples have been previously weathered. Minor minerals such as 
chlorite and hematite have also been identified (Fig. 5.4E). The Scot's Bay basalts tend to be 
highly vesicular and the weaker basaltic surface features are reinforced by resistant amydules, 
primarily from the zeolite family (Colwell, 1980). 
Some of the oldest sedimentary rocks in eastern Canada are at Salmon River (Table 5.1). 
The sedimentary beds on this platform have been tilted perpendicular from their original 
position. Large rounded boulders are moved by waves between the rock layers on this platform, 
and abrasion is the dominant downwearing process (Fig. 5.5C). The harder phyllite/schist layers 
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are mostly composed of quartz and feldspar. Large pyrite crystals are also abundant throughout 
these layers (Fig. 5.4G). The weaker siltstone layers are made up of smaller laminations 
containing roughly 50% quartz and 50% chlorite (Fig. 5.4H). 
Figure 5.5: Rock complexities on shore platforms; A) siltstone and mudstone layers at Mont Louis; B) layers of 
hard and soft sandstone, Burntcoat Head; C) thin laminations of siltstone between harder layers of phyllite/schist, 
Salmon River. 
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